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Studies on morphogenesis and development of the ascocarp 
of Sphaerotheca castagnei 


ILLo HEIN 


(WITH FIVE TEXT FIGURES AND PLATES 28, 29) 


The structure of the ascocarp and the stages in its develop- 
ment have been fairly well understood since the time of De Bary, 
and the main points in his conclusions have been many times 
confirmed. The perithecial tissues are formed by aggregation 
of hyphae. De Bary characterized such structures as pseudo- 
parenchymatous, and the term has been generally accepted. 
Little attempt has been made, however, at a morphogenetic 
analysis of the various growth factors, the hyphal contacts and 
pressures and the environmental stimuli by which the develop- 
ment of such structures is initiated and controlled. 


LITERATURE 


The literature concerning the morphology and development 
of the ascocarp of the mildews has been many times reviewed 
and analysed. I shall endeavor to summarize the data which 
relate to my own special problems under the following heads: 
(1) Pseudoparenchyma, morphogenesis, and tropistic responses; 
(2) Physiological species in the mildews; (3) Spore discharge; 
(4) Epiplasmic granules in the ascus. 

Pseudoparenchyma, morphogenesis, and tropistic responses. 
The development of parenchyma-like tissue from filamentous 
hyphae was first studied by De Bary (1863, 1870) in Erysiphe and 
in Eurotium and by Woronin (1869-70) in Sordaria. De Bary 
described in some detail the formation of such pseudoparenchy- 
matous tissue in the development of the perithecia of Podosphaera 
tridactyla, Sphaerotheca castagneit and in Eurotium glaucum. As 
is well known for ascomycetes generally the ascogonium becomes 
covered with an inner and an outer layer of parenchyma-like 
tissue which is formed by the growth, branching, and inter- 
weaving of hyphae. The hyphae divide only by transverse septa 
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and ultimately fill in all inter-hyphal spaces, forming an un- 
broken tissue. Bauke (1876) distinguished three methods of 
pycnidial development to which Zopf (1881) gave the names, 
**Hyphenfrucht,” ‘“‘Gewebefrucht,” and ‘Knaulfrucht.” It has 
been claimed by De Bary (1884), von Tavel (1886), Schnegg 
(1915), and Kempton (1919), and others that the walls of certain 
pycnidia develop by division in three planes (meristogenetic) 
while others are formed symphyogenously by the interweaving 
of hyphae and hence consist of pseudoparenchyma. The 
‘*Hyphenfrucht”’ and ‘‘Gewebefrucht’’ of Bauke and Zopf are 
variations of De Bary’s meristogenic types. Kempton (1919) 
concludes that the meristogenous method is the more common 
and is of two types, simple and compound, while the syphyo- 
genous method is less often found. 

Hoffman (1856), Hartig (1874), Gébel (1902), Fayod (1889), 
and many other later students have reported detailed studies 
of the morphology, growth, and development of the fleshy 
fungi but have taken little account of the morphogenetic 
factors involved. 

From a study of Agaricus campestris, W. Magnus (1906) con- 
cludes that certain specific, organized parts of the pseudoparen- 
chyma create growth inhibitions against the organism as a whole, 
so that certain tissues of the sporocarp give rise in regeneration 
to similar tissues only; for example, the hymenium can give rise 
only to hymenial tissue. The regeneration of a normally 
lamellate hymenium may result, however, in a decidedly toothed, 
tubular or netlike hymenium. This condition is not to be re- 
garded as atavistic in the Weismann sense, even though such forms 
are according to present phylogenetic views lower, but is due to 
the mechanical conditions under which the regenerative growth 
takes place. Transformation of vegetative to reproductive 
tissue results in a loss of the capacity for regenerating the whole 
sporocarp. So long as the tissue is still vegetative it possesses 
in a high degree the capacity to regenerate itself, but at a certain 
stage it becomes reproductive and loses its capacity for regener- 
ation. W. Magnus also holds that the exhaustion of foodstuffs 
in the substratum as well as the transition to aerial growth must 
be of importance in determining the initiation of sporocarp 
formation. That the transition to an aerial environment is 
insufficient, as W. Magnus notes, to cause sporocarp develop- 
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ment is shown by the fact that in dark, poorly ventilated cellars 
the mycelium may grow upon the surface of the substratum for 
days without producing sporocarps. Mere transition from 
growth below the substratum to aerial growth does not suffice 
to initiate the development of fruit. Similar conditions were 
observed under bell jars placed over cultures. The hyphae grew 
profusely under the bell jars without producing sporocarps, 
while immediately outside the jars numerous sporocarps de- 
veloped. Light seems to be unnecessary for the development of 
Agaricus campestris, growth and differentiation going on equally 
well in darkness. 

Atkinson (1906) recognizes certain factors in the development 
of the pileus of Agaricus campestris as follows: ‘‘The growth of 
the pileus which at first is strongly hyponastic becomes less so 
as the pileus expands. Tire upper surface gradually ceases to 
grow and the extension of the underlying part often tears the 
cuticle of the pileus into fibrous scales. The growth of the pileus 
gradually becomes epinastic, as the lower area and the hymeno- 
phore with the gills now grow more rapidly than the middle and 
upper portions. This causes the pileus to become plane, or in 
old specimens the margin itself becomes upturned.” De Bary 
had already described the later growth stages of the pileus as 
epinastic. 

The geotropic responses of the sporocarps, as they occur in 
nature, have long been known. Brefeld (1883), Buller (1909), 
and W. Magnus (1906) have reported important experimental 
results on the geotropic and heliotropic behavior of many species. 
Buller (1909) reports that the stipe is indifferent to geotropic 
stimuli before the pileus is developed, after which it becomes 
positively heliotropic and rectipetal in darkness. Buller states 
that the position of the gills is always very delicately adjusted 
by geotropic stimuli. The positively geotropic response is of 
great importance for successful spore liberation, since these are 
discharged by dropping downwards and easily lodge on the gill 
lamellae if the latter are not exactly vertical. 

In petri dish cultures of Lasiobolus pulcherrimus Delitsch 
(1926) finds that the main hyphae of the mycelium grow radially 
from the spore, and the secondary directions of growth are 
thought to be determined largely by the tendency of the hyphae 
to enter areas unoccupied by other hyphae. 
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Physiological species in the mildews. Apparently P. Magnus 
(1898) first published the results of infection experiments with 
parasitic Erysiphaceae. P. Magnus reported the transfer of 
Sphaerotheca castagnei (Lev.) from the hop to Taraxacum officinale 
but his results were not confirmed by Neger (1902). Salmon 
(1904, 1907) found that Sphaerotheca humuli from Potentilla 
reptans would not infect Agrimonia Eupatoria, Alchemilla arven- 
sis, A. vulgaris, Fragaria, Poterium officinale, or Spirea ulmaria, 
all of which are hosts for Sphaerotheca. Sphaerotheca humuli var. 
fuliginea from Plantago lanceolata would not infect P. major or 
Taraxacum officinale; and Sphaerotheca humuli var. fuliginea 
from Taraxacum would not infect Fragaria, Plantago media, or 
P. lanceolata, all of which are hosts of morphologically similar 
forms of Sphaerotheca humult. 

Steiner's (1908) results from experiments with Sphaerotheca 
humuli within one host genus, Alchemilla, led him to assume the 
existence of ‘‘kleine biologische Arten.’’ Reed (1908) has sum- 
marized the literature of inoculation experiments with the mil- 
dews and states that in his opinion most of the results rest upon 
inadequate data. Woronichine (1914) failed to obtain infection 
on peach leaves with Sphaerotheca pannosa from the rose and 
failed also in the reciprocal experiment, though the forms on 
both plants are morphologically indistinguishable. 

De Bary’s morphological work on Sphaerotheca castagnei was 
done on material from Taraxacum officinale. Harper (1895) and 
Dangeard (1896) worked on material from the hop, and Winge 
(1911) worked on a Sphaerotheca from Melampyrum in Sweden. 
It would appear probable from the studies noted that there are 
many physiologically different races of Sphaerotheca as well as of 
other mildews, and Gaumann’s work on other fungi suggests the 
possibility that there may be structural differences paralleling 
the physiological specificities. 

Spore discharge. 1n Sphaerotheca and the other mildews 
spore discharge involves, first, the rupture of the cleistocarp and, 
second, the escape of the spores from the ascus. The rupture of 
the cleistocarp was first described for the Erysiphaceae by Wolff 
(1872), later by Smith (1884) for Erysiphe graminis, and by 
Salmon (1903) for Sphaerotheca. The mechanism of discharge 
from the ascus has been frequently reported on for the club- 
shaped asci and has been fully described by Buller (1909) for a 
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number of forms. De Bary states that in the Erysipheae spore 
discharge is simultaneous. Wolff (1877) finds that in Erysiphe 
the spores are liberated through a longitudinal slit in the apex 
of the ascus. Smith (1884) found that in Erysiphe graminis 
spores and sometimes asci are ejected forcibly from the ascocarp. 
Salmon (1907) describes the process as observed in Erysiphe 
graminis. The spores after the ascocarp has undergone a resting 
period are ejected forcibly into the air to a distance of 2 cm. from 
the ascocarp. According to Salmon the perithecium opens by a 
horizontal slit at one side somewhere about the equatorial plane. 
This slit gradually extends until the upper half is set free like a 
lid. Salmon states that the dehiscence is probably brought about 
by the swelling of the inner layer of the perithecial cells. In 
Sphaerotheca a vertical slit appears in the perithecium and the 
ascus protrudes from it, swelling to several times the diameter of 
the perithecium. The walls of the ascus become tense, the as- 
cospores collect at the apex, and are finally discharged forcibly 
through a slit. Occasionally an ascus slips out of the perithecium, 
ultimately bursting to discharge the spores. Recently Ziegen- 
speck (1926) has given an adequate review of the literature and 
has made a detailed study of spore discharge of many dif- 
ferent forms of Ascomycetes, but no data as to spore discharge in 
the Erysiphaceae are given. 

Epiplasmic granules in the ascus. Most of the literature has 
been summarized by Guilliermond (1904) and by Pénau (1912). 
Zopf (1887) described disc-shaped granules and granules of 
variable shapes, generally six to eight microns in greatest di- 
ameter, in the conidia, conidiophores, and germ tubes of species 
of Erysiphe, Podosphaera, and Sphaerotheca which he believed to 
be reserve carbohydrates and called ‘‘Fibrosinkérper.’’ Maire 
(1905) described metachromatic granules in Ascomycetes and 
Basidiomycetes and believed them to be not particular kinds of 
granules, but granules belonging to the vast class of Altmann’s 
granules which are very variable chemically, depending on the 
species of plant in which they occur. 

The granules described by Guilliermond (1904) in the epi- 
plasm and the sporeplasm of Aleuria cerea, Helvella sulcata, 
Ciboria uliginosa, Pustularia vesiculosa, Otidea onotica, Peziza 
venosa, and other Peziza species stain bright red with Unna’s 
polychrome blue after fixation with picroformol. Hemalum 
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gives clear differentiation of the granules with alcohol as a 
fixative, but is very poor when used with picroformol. 

Meyer (1904) describes, in Penicillium glaucum, Aspergillus 
glaucus, and the Basidiomycetes, algae, gymnosperms, and angio- 
sperms, granules, similar to those which he earlier described in 
bacteria and called volutin. In unstained living Penicillium 
and in Aspergillus the granules can be recognized only with 
difficulty but with methylene blue (1 to 10) they stain dark blue 
in color, darker than any other parts of the cell. With carbol 
fuchsin the granules stain a deep red color. Delafield’s haema- 
toxylin (10 drops in 5 cc. water) produces a dark blue color when 
the granules are treated with carbolic acid, but when Flemming’s 
fixative is used pale-blue stained granules result. Fresh material, 
as well as material treated with formalin plus 3 per cent acetic 
acid, when stained with alcoholic or aqueous solution of ruthe- 
nium red gives red-brown colored granules. Meyer states that 
the granules are present in all parts, from the germinating conid- 
ium to the newly produced spore of the vegetative plant of 
Penicillium glaucum, but their occurrence in the ascus is not 
mentioned. 


OBSERVATIONS 


The development of a three or more layered pseudoparen- 
chyma of cells progressively differentiated from the surface in- 
ward and enclosing a single large cell, the ascus, as we find it in 
Sphaerotheca, or a group of such cells as in Erystphe, may be 
regarded as typical for all the powdery mildews. 


The mycelium 


The general facts as to spore germination and the nature of 
the mycelium are well known but may be reviewed briefly as an 
introduction to the problems involved in the formation of the 
pseudoparenchymatous perithecium. The conidia on germin- 
ating give rise, generally at somewhat equal distances and in a 
horizontal plane, to three or four hyphae which grow out at right 
angles to the ellipsoid spore. At first the growth is very ir- 
regular but later tends more to be radial from the spore as a 
center. The hyphae are at first thick and tend to be nodular. 
Later they become more evenly filamentous in form (text figure 
1,Zand 2). The patches of mildew generally are circular in out- 
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line, and examination with the lens shows that the general di- 
rection of growth of the hyphae is radially from the center. 
The mycelium is profusely branched, septa occur fairly regularly, 
and the cells are from 40 to even 80 microns in length. The 
average length of the mycelial cells is about 55 microns, which is 
similar to the average given by Bezssonoff (1914) for the mycelial 
cells of Sphaerotheca mors uvae, which he states are 57.6 by 5.4 
microns. Where the mycelial network is especially well devel- 
oped, septa are frequently rather close together, so that some 
cells are but 10, 15 or 20 microns long. The first septurn is often 
formed a short distance, one to three microns, from the spore 
(text figure 2, 3). The hypha stains pale blue with the triple stain 
and Allen-Bouin fixation, while the cytoplasm of the spore stains 
a darker blue. 

The factors determining the distribution of the mycelium in- 
clude (1) those concerned with the general radial distribution of 


Fig. 1. z and 2. Germinating conidia with characteristic irregular, 
gnarled germ-tubes and radially growing mycelium. 


the hyphae about the spore; (2) those which determine their 
contact relations with the host surface; (3) those which deter- 
mine the angles that the successive sets of branches make with 
each other. 

As noted, the spore on germinating sends out from one (text 
figure 1, 7) to three (text figures 1,2 and 2,3) germ tubes, some of 
which may be very stout, gnarled, irregularly shaped structures 
from which other similar irregular hyphal branches or the char- 
acteristic mycelium may arise (text figure 1, and 2). A hyphal 
complex is thus formed; and about this there is a somewhat radial 
orientation of the profusely branched hyphae. The branches 
may arise either slightly below the septum or nearly midway 


54 
a 
is 
in 
m 
1e 
ol 
a- 
n 
il, 
ic 
at 
d- 
of A 

ng \ \ 
of 
an 
he 
in- 
la 
ht 
ir- 
ar. 
ire 
ut- 


390 BULLETIN OF THE TORREY CLUB [VOL. 54 


between two septa. The problems as to the direction of growth 
and method of branching of the hyphae here are essentially 
similar to those involved in the distribution of roots and branches 
in the higher plants. Chemotropic stimuli depending on the 
distribution of the food supply may be significant in determining 
the distribution of the ultimate hyphal branches. Whether 
moisture in hygroscopic relations or contact in thigmotropic re- 
lations determine the close adhesion of the hyphae to the host 
leaf is not easy to determine. The appresoria from which the 
haustoria arise are adhesion organs, and it seems probable that 
in some degree their development is regulated by tactic stimuli. 

A fact that tends to support the assumption of hygromor- 
phoses on the part of the hyphae is the very frequently profuse 
growth of the fungus in the grooves formed along the juncture of 
veins and leaf lamina. 

In field plants the mildew first makes its appearance on the 
under surface of the leaves, where because of shade, more numer- 
ous stomata, and thinner cuticle the vapor pressure in the thin 
film of atmosphere immediately surrounding the leaf is probably 
higher than on the upper surface. In green-houses, where the 
absence of strong air currents tends to permit greater vapor 
pressure on both leaf surfaces, and where the general atmosphere 
tends to be more moist, the difference in vapor pressure between 
upper and lower surfaces may be less important. On green- 
house plants the mildew generally appears first on the upper leaf 
surfaces, perhaps because more spores lodge there and, finding 
favorable conditions, germinate and grow in situ. Eventually 
in the green-house the mildew also appears on the under surface 
of the leaf. The whole complex of factors influencing infection 
probably favor the under side of the leaf in field plants and the 
upper side in green-house plants. 

That the mycelial hyphae may be reciprocally negatively 
chemotropic is to be considered. From his observations on 
Lasiobolus pulcherrimus grown on solid media in petri dishes 
Delitsch (1926) holds that the growth form of the mycelium is 
due to the dominately radial growth in the main hyphae and to 
mutually repellant chemotropic influence between all hyphae. 
Miller (1922), from observations made on the Saprolegniaceae, also 
suggests negatively chemotactic response as causing hyphae to 
grow apart from one another. 
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After the infected area is older, the later formed hyphal 
branches grow in all directions, filling in unoccupied areas. The 
typical radial distribution may be based on morphaethesia in 
Ndll’s (1900) sense—that is, ‘‘Empfindungsvermégen fiir Form 
und Lage des eigenen KGrpers.’’ The deviation from the typical 
will be the result of various morphotic responses in Pfeiffer’s 
(1925) sense. 


Development of the primary envelope (cortical layers of the 
perithecium) 


The term perithecium, though loosely used to designate the 
entire fructification, asci, enclosing envelope, etc., is properly 
used to designate only the enclosing hyphal layers, whereas the 
whole fructification is the ascocarp. I shall distinguish the 
outer protective cell layers as the cortex to distinguish them 
from the inner nutritive zone. 

While the data are fragmentary and the methods of morpho- 
genetic analysis for the thallophytes are as yet very poorly 
developed, it would seem that with the mass of structural and 
morphological material already at hand a beginning in the 
attempt to recognize the form-determining stimuli in the case 
of the ascocarp should be made. The work of W. Magnus 
(1906) and of Buller (1905) on the carpophore of the Basidio- 
mycetes is suggestive of what can and should be done for the 
Ascomycetes. 

The ascocarp begins its development after fertilization has 
been accomplished. There can be no question that the ascocarp 
is, however, strictly gametophytic in its origin. Brefeld’s (1883) 
and Dangeard’s (1896) contention that the sex cells are not func- 
tional has failed of confirmation so far, but in any case there is 
no doubt as to the relations of the gametophyte and sporophyte 
in the makeup of the ascocarp. 

The enveloping hyphae arise just below the septum which 
cuts off the oogone from the basal cell and at a corresponding 
level from the basal cell of the antherid. These enveloping 
hyphae closely follow the contour and direction of growth of the 
ascogone rather than that of the antheridial stalk cell. The 
stalk cell of the latter forms one of the series of enveloping ele- 
ments. This discriminitive relation in the behavior of the en- 
veloping hyphae with reference to the sex elements becomes 
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more and more emphasized as the primary layer develops. 
Harper (1905) shows that the antheridial cell in Phyllactinia be- 
comes embedded in the layers of the perithecium, where it ul- 
timately gelatinizes and degenerates. In the Sphaerotheca here 
described, the antherid and its stalk cell become a permanent 
part of the primary envelope, in which they may be readily dis- 
tinguished from the hyphal cells (figure 19). In late stages the 
antherid and the stalk cell cannot be identified with certainty. 
In all probability these cells have expanded laterally during the 
distention phase of the perithecium and have come to resemble 
closely the other cells. The special relations of the enveloping 
hyphae to the oogone suggest the existence of chemical stimuli 
with close adhesion phenomena due perhaps to thigmatropism. 

All the vegetative cells of the ascocarp manifest a strong 
tendency to become closely appressed to one another and to the 
sex cells, as is shown in both early and late stages by the flattening 
of their surfaces of contact. The tendency of the tips of the 
hyphae to be pointed with the apex drawn inward toward the 
surface of contact (figures 7, 12 and 13) is conspicuous and sig- 
nificant of the physical effects of close adhesion. That the 
tapered form of the tips of the young hyphae of the first envelop- 
ing layer is due to adhesion with the ascogone is obvious, since 
the apices of other hyphae that are quite free of any contacts are 
well rounded, tending to a least surface configuration. The 
total absence of inter-hyphal spaces and general appearance of 
compactness of the young ascocarp are also to be noted. 

The vegetative hyphae in their upward growth tend to form 
a uniform palisade clinging to the oogone until they meet at the 
apex. Since generally they do not all begin growth simultane- 
ously, but are formed in irregular succession and are of varying 
ultimate heights, the final arrangement at the apex generally 
shows little regularity. As noted, the basal cell of the antherid 
contributes enveloping hyphae as well as the basal cell of the 
oogone and in my preparations generally, and perhaps always, 
produces two hyphae in addition to the antheridial branch. 
Text figure 2, 4, shows a characteristic view of the enveloping 
hyphae that arise from the antheridial basal cell. The cell 
farthest to the left (text figure 2, ga) represents the antheridial 
stalk cell, the apical part of which, with the antherid, is shown in 
text figure 2, 5a. The middle, somewhat shorter and younger 
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hypha (text figure 2, 4b) is already binucleated. The shortest 
hypha is the youngest and last formed of the three (text figure 
2,4c). These hyphae all have adiameter of about 4 to4.5 microns; 
the ascogone at this stage has a length of about 17 microns. 
The hyphae next to the antheridial stalk cell, asin text figure 2, 4), 
begins its growth immediately to the side of it, and is from the 
beginning in close contact with both oogone and antheridial 
stalk. It will therefore follow the groove whose course is the 
resultant of the contours of the oogone and the adjoining cell 
wall of the antheridial stalk. The antheridial branch, being 
considerably less in diameter, following the contour of the asco- 
gone, forms a curve with a slightly lesser radius than that of the 


Fig. 2. 3. Germinating conidium with only one gnarled germ-tube 
and two germ-tubes which resemble the mycelium. 4-6. Three successive 
serial sections of a young ascocarp whose two-nucleated ascogone has not yet 
been completely covered by the initial envelope. 4a, Antheridial stalk cell; 
4b, bi-nucleated enveloping hypha; gc, youngest of the three enveloping 
elements; 5a, antherid with part of the stalk-cell; 5b and c, enveloping hyphae. 
7, 8. Two successive serial sections of a young ascocarp in which the initial 
envelope is complete and the hyphae which will form the second layer are 
pushing up between the two-nucleated ascogone and the initial envelope. 


ascogone. The next branch will follow the perithecial wall. In 
general we may say, however, that the number of enveloping 
hyphae is seven or eight, and that apparently each hypha 
divides transversely but once, forming thus 14 or 16 cells. These 
cells are ultimately of approximately equal size, about 20 microns 
long, and 5 microns in greatest diameter (text figure 3,17),so that 
there are about sixteen somewhat similar cells in the first layer 
of the perithecium. 

These cells constitute what we may call the initial envelope 
of the young ascogone. In spite of variations it seems to me 
that we can recognize elements and processes which are typical 
in the development up to this stage and that the considerable 
range of diversity in a series of young ascocarps is to be con- 
sidered as a matter of morphotic modification. 
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The type process then may be conceived as consisting in the 
development of five enveloping hyphae arising simultaneously 
from the basal cell of the ascogone (text figure 2, 5 and 6) and 
two from the basal cell of the antherid (text figure 2,4). Such 
a typical stage taken from living material is represented in 
text figures 4, 19-21, and 5, 78. The hyphae thus form a pali- 
sade of similar cells about the ascogone, the older previously 
formed antheridial stalk cell forming part of the series. These 
hyphae would typically all reach the antherid at the apex at 
the same time, and the initial envelope would consist of a 
palisade of similar cells about the ascogone. De Bary’s (1863) 
figure 11, plate IX, for Erysiphe suggests such a type. If 
each of these cells now divides once in its middle and then 
expands laterally with the growth of the ascogone, we should 
have 16 truncated pyramidal cells. If there were as many 
as nine or ten original enveloping hyphae, the initial envelope 
would consist of eighteen or twenty cells. 

No two perithecia are entirely alike in the arrangement and 
shape of their peripheral cells at maturity. The ultimate 
number of cells in the outer layer of the mature perithecium is 
between 18 and 24, so that it is clear that there is little cell di- 
vision once the ascogone is covered, and probably some of the 
first-formed 16 cells do not divide further. 

Whether the additional cells arise from further upgrowing 
hyphae or by division of the typical 16—18 cells is not clear. They 
grow in their tangential diameter with the growth of the asco- 
gonium, the tangential expansion taking place at the expense of 
their radial diameters. Ultimately in the mature perithecial 
wall (text figure 5, 23, 24) they are plate-like, four-, five-, and six- 
sided or irregularly shaped cells. The cells are about 6 microns 
in radial diameter by 6 microns in tangential diameter when the 
three layers of the perithecium are complete; but when the 
ascocarp has reached maturity, they are generally 5 microns or 
less in thickness by 20-30 in tangential diameter. The average 
tangential diameters of the cells of the initial envelope are 
between 20 and 24 microns. The cells have increased about 12 
to 15 times in volume. 

The fertilized egg nucleus divides very shortly after fusion, 
and the two daughter nuclei separate slightly (figures 15 and 
16) and come to lie in the upper part of the ascogone (figure 17). 
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At this stage the ascogone is not yet completely covered and the 
cells of the initial envelope have not yet begun to flatten. This 
binucleated stage of the ascogone is apparently of rather long 
duration, since the greatest growth and development of the 
perithecial cells takes place during this period. The ascogone 
does not increase noticeably in diameter, but elongates consider- 
erably during the binucleated stage, the elongation apparently 
taking place in the lower end while the nuclei remain in the 
upper end (figure 17). The ascogone, which at the beginning of 
the formation of the initial envelope measured between 8 and 
10 microns in thickness, remains so up to the four-nucleated 
stage, but it elongates from 18 to 30 microns. The ascogone 
elongates with the growth of the enveloping hyphae. How- 
ever, as it becomes enclosed at the upper end with its further 
elongation, it becomes curved. The initiation of this curvature 


Fig. 3. 9-13. Five successive serial sections of a young ascocarp showing 
the typical, irregular habit of growth of the enveloping hyphae after the 
initial layer is complete. 17. External view of the initial envelope; each 
hypha has divided once. 


may take place very early, as noted above. Its further develop- 
ment is, however, very plainly a matter of the interplay of two 
factors, first, its own growth in length and, second, the resistance 
offered by the cells of the primary envelope. It is obvious that 
less resistance is offered to lateral expansion with the assumption 
of a globular form than would be offered to further elongation 
into a cylindrical form. The position of the apex of the ascogone 
is for a time at least fixed by its adhesion to the antheridial cell. 
The stalk cell of the antherid, after its function is completed, ap- 
parently does not elongate further. The result is the curvature 
of the elongating ascogone in such a fashion that the centre of 
its convex surface comes to point vertically upward and thus 
fixes the location of the spatial center of the future ascus. 
Figure 20 represents an ascogone similar to the one repres- 
sented in figure 22, but this figure shows it rotated 90 degrees on 
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its vertical axis. The base of the ascogone is decidedly narrowed, 
and suggests that the vegetative hyphae may exert considerable 
pressure in this region. 

This narrowing of the base of the ascogone begins to appear 
after the first layer of the perithecial hyphae is complete (figure 
17), and from the general appearance of this region it appears 
as if the ascogone were wedged in on all sides. This constriction 
becomes more pronounced, until the base has the form of an 
inverted cone (figures 20, 23). However, the constriction of 
the base of the ascogone is not always so pronounced and often 
appears to be quite wanting (figures 18, 21, and 22). 

When the primary envelope has completely enclosed the as- 
cogone, a second layer of hyphae begins to develop between it 
and the ascogone. The hyphae that form the inner layer arise 
from the basal cell, alternating with those of the ascogone 
(figures 16 and 18), and appear to wedge their way between 
ascogone and primary layer, becoming, as a result, somewhat 
wedge-shaped at their ends. In pushing upward these hyphae 
force the outer layer outward and away from the ascogone 
(figures 13, 16 and 18), so as ultimately to form a second com- 
plete layer about the ascogone. 

The antherid and its stalk cell, which in the beginning were 
part of the initial envelope, have become a permanent part of 
this layer, and are separated with it from the ascogone by the 
intercalated secondary layer. In figure 19 the elongated an- 
theridial stalk cell may be seen as part of the outer wall of the 
perithecium, the empty antherid in this case being lifted entirely 
above the ascocarp. This is a common appearance. The old 
antherid very frequently appears as though the enveloping 
hyphae had forced themselves under it (figures 13, 18, and 19). 

With this stage the rudiments of the cortical layer are in the 
main complete. The ascocarp at this stage, when the two first 
layers of the perithecium are complete, has an outside diameter 
of about 35 to 40 microns (figures 18, 20, and 21). The peri- 
thecium seems to expand more rapidly in its diameter than the 
ascogone grows in size, so that there is a tendency to leave vacant 
space between the two. 


Development of the sex cells, the ascogone, and the ascus 


After the mycelium has reached a certain stage of maturity, 
the sex cells develop. They tend to grow upward, away from 
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the leaf surface, at angles varying around 90 degrees. They 
rarely stand at exactly 90 degrees to the host surface; commonly 
they are about 60 degrees and occasionally at 45 degrees to the 
substratum. I find no evidence that these cells in their growth 
react in any way to light or gravitational stimuli. The mildew, 
as stated above, is either epiphyllous or hypophyllous, and the 
leaves are inclined at varying angles to the sunlight. The sex 
cells of Sphaerotheca show equally varying positions, whether on 
one side or the other. Negative response to moisture, hygro- 
morphosis, may be concerned in determining their general posi- 
tions. 

The distribution of the sex cells on the mycelium illustrates 
perfectly the conception that sexual reproduction is the ex- 
pression of what we crudely call maturity in the life cycle of the 
mycelium. The sex cells are formed from hyphae about six 
microns in diameter, when the mycelial patches are a millimeter 
or more in diameter, and they appear successively as the my- 
celium spreads and the hyphae attain a certain maturity. At 
the time the sex cells appear, the hyphal cytoplasm is homo- 
genous and only very slightly vacuolate. The assumed physi- 
ological changes of sexual maturity come to expression as a dif- 
ference in staining reaction, both between antherid and oogone 
and between them and the vegetative hyphae. 

The antheridial branch in my preparations is always in 
advance of the oogone in development (figures 1, 2, 3, 4, 5, and 
6), or rather is always longer, for the total volume of the two 
cells seems to be about the same. In the stage represented ‘by 
figure 5 the average dimensions of the oogones are about 7 by 15 
microns, of antherids 5 by 25. The two branches adhere closely, 
and often it appears that the more rapidly growing antheridial 
branch tends to bend the oogone to one side. The preparation 
represented in figure 3 clearly illustrates this point. Since the 
oogone does not keep pace with the more rapidly elongating 
antheridial filament, the two bend toward the oogonial side. 
This may explain why the oogone and the ascogone are also so 
commonly inclined at an angle less than 90 degrees to the leaf 
surface. The study of living material shows that even the very 
young stages are generally at such an angle. 

I am inclined to believe that the curve in the oogone, the 
bending over upon itself in the later stages of its development 
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before the formation of the ascus, is initiated by this curvature 
of the oogone. I shall discuss this later on. 

The antheridial branch is about twice the diameter of the 
mycelial hypha from which it arises, and appears as an elongated, 
stout, somewhat pointed cell, closely appressed to the oogone and 
growing in the same direction with it (figure 1). The single large 
nucleus that is at the base of the branch divides, and a wall 
separates the sister nuclei, which are now about one-half the size 
of the original nucleus, and one remains in the newly formed basal 
cell (figure 3), while the other migrates to the upper part of the 
branch where another division takes place. The resulting nuclei 
have about one-half the diameter of the original nucleus of the 
antheridial cell (figures 5, 6, 7), though the upper one is consider- 
ably smaller and migrates to the very tip of the cell where it is 
cut off by a wall (figures 5, 6, 7). The resulting uni-nucleated 
apical cell becomes the antherid. Thus three uni-nucleated cells 
are formed, a small, oblong, somewhat cap-like cell, the antherid 
(figure 7), a longer portion whose protoplasmic content is homog- 
enous and tends to stain more densely than that of the other 
cells (figure 7). The antheridial stalk cell is rather stout in the 
middle and tends to taper at each end with the nucleus in the 
middle (figures 7, and 10). The basal cell is decidedly vacuolate 
(figure 6). The whole filament closely follows the contour of 
the oogone and its tip, the antherid, lies more or less on the apex 
of the latter (figure 5, 7, 10). Occasionally the antherid is 
placed a little to one side of the apex, as shown in figures 8 and 11. 

The oogonial branch is generally about three times the di- 
ameter of the hypha from which it arises, and appears as a short, 
stout, somewhat ovoid uni-nucleated branch. Occasionally an 
oogonium appears slightly narrowed towards its apex, as in 
figure 4; but I am not certain that this is not due to the treat- 
ment by fixatives. The oogonial branch contains near its base 
a single large nucleus, which is about 5 microns in diameter, 
slightly larger than that of the nucleus of the branch destined 
to produce the antherid (figure 1). The oogonial nucleus divides, 
and a wall separates the daughter nuclei (figures 2, 3). The 
cross wall is marked by a slight constriction and is placed about 
one-third of the distance from the base of the oogonial branch to 
its apex (figures 2, 3, 4). The upper two-thirds of the branch 
becomes the oogonium, which at this stage is markedly turgid, 
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ellipsoid, and thin-walled. The cytoplasm of the oogone at this 
stage may be homogeneous or very finely granular, and shows 
no vacuoles; but the basal cell begins to show very small vacu- 
oles, even at this early stage, and its cytoplasm is less homo- 
geneous (figure 6). The nucleus of the oogone is considerably 
larger than that of any other cells of the group, measuring about 
3.5 microns. The oogonium now bulges slightly at the apex, 
forming a papilla. The bulging region shows a strong affinity 
for the red stain of the Flemming triple stain. With Unna blue 
it stains very deeply, appearing very dark blue even in otherwise 
weakly stained preparations. It seems probable that there is a 
gelatinization of the walls between antherid and oogone in this 
region. Preparations of a stage a little later show a compara- 
tively thick cell wall in this region which stains very dark red 
and again suggests that the wall is gelatinous at this point. 

Fertilization is accomplished by the breaking down of the 
adjoining walls of the antherid and the oogone, followed by the 
entrance of the male nucleus into the oogonium and ultimately 
the fusion of oogonial and antheridial nuclei. The pore is most 
clearly visible when the antherid and oogone are viewed from 
the side (figures 8, 10). The cytoplasm of the two cells is seen 
to be continuous, though there is no evidence that the entire 
contents of the antherid is emptied into the oogonium. Only 
the antheridial nucleus migrates into the oogonium, where it 
moves immediately to the female nucleus. 

In figure 5 the sexual cells are complete, and fusion is about 
to take place. The region of fusion shows the characteristic 
staining reaction. In figure 8 the fusion pore is distinctly seen 
in section, the cytoplasm of the one cell is in contact with that 
of the other, and the small male nucleus, which is just within the 
oogonium, has apparently just entered it. In figure 9 the male 
and female nuclei are lying side by side, and are about to fuse. 
Which of these two figures represents the older stage, I am unable 
to say. The cells shown in figure 14 are larger, and one of the 
first of the enveloping hyphae is beginning to grow from the 
basal cell. It may therefore be considered the older. The two 
nuclei are now about equal in size, the antheridial nucleus having 
grown slightly (figure 9). Both male and female cells are in this 
case considerably smaller, and they may be regarded as in a 
slightly earlier stage than that shown in figure 14. In figure 11 
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the two nuclei have fused completely; the nucleus here is about 
5 microns in diameter, having apparently about twice the com- 
bined volume of the two figures in figure 14. In figure 10 are 
represented a pair of larger sex cells, in which the sexual nuclei 
have already fused. The fusion nucleus here has a volume about 
equal to that of the volume of the two sexual nuclei represented 
in figure 14. Figures 12 and 9 may represent successive stages of 
a smaller pair of sex cells than those represented in the figures 10 
and 14. Such figures merely represent variations in size of the 
gametic pairs. A figure like that represented in figure 12 would 
never in the immediately following stage look like the one re- 
presented in figure 10. 

The fusion nucleus now undergoes a division resulting in two 
equal-sized daughter nuclei, and a rapid growth of vegetative 
hyphae about the two-nucleated ascogonium takes place. 


Fig. 4. 14-16. Young ascocarp showing irregular development of the 
perithecial wall. In 14, there is a slight tendency of the hyphae to form a 
spiral pattern. 19-21. Successive sections of a one-nucleated ascogone with 
more or less uniformly developing enveloping hyphae. 


The two nuclei of the ascogone during the development of the 
perithecium divide once so that there are four at about the time 
when the third layer of the perithecium is complete (figure 24). 
I am of the opinion that these nuclei arose by a simultaneous 
division of the two nuclei in the ascogone. I have never found a 
distinct three-nucleated ascogone but have many preparations 
which show four nuclei in the ascogone and many preparations 
which show ascocarps at about the same stage of development 
as the four-nucleated ones but with only two nuclei in the ascus. 
It is therefore very probable that the four-nucleated immediately 
follows the two-nucleated stage, the nuclei dividing simultane- 
ously. Cross walls then separate the terminal and basal nuclei 
from the middle pair in the ascogone. There thus results a 
column of three cells, of which the middle one is binucleated and 


gre 
no 


the 


1927 
dev 
pen 
ben 
out 
$00! 
| 25) 
nuc 
asc 
diai 
| nuc 
par 
enl: 
apy 
Th 
4 0} of t 
(| > to. 
= 19 cell 
son 
asc 
per 
lost 
but 
sec 
| spl 
thi 
fig 
asc 
lor 
ha 
ab 


1927] ASCOCARP OF SPHAEROTHECA CASTAGNEI 40I 


develops to form the ascus. The binucleated central cell, the 
penultimate cell, is in the region of the ascogone in which the 
bending takes place (figure 25), so that from the outset it bulges 
out much more on its convex side. It expands very rapidly and 
soon becomes short and pear shaped (figures 26, 27, and 29). 

The two nuclei in the penultimate cell move together (figure 
25) and fuse (figure 26), forming the definitive nucleus of the 
ascus. Figure 26 represents a young ascus showing the fusion 
nucleus in which the nucleoli have not yet fused. The young 
ascus at this stage has a diameter of about 15 to 18 microns, the 
diameter of the whole ascocarp being around 40 microns. After 
nuclear fusion the ascus continues to expand very rapidly, ap- 
parently in every direction (figures 26, 27, 28), and the nucleus 
enlarges with it. In the beginning the nucleus is elongated, 
appearing to be drawn away from its basal position (figure 27). 
The ascus apparently becomes very turgid to conform, in spite 
of the irregularities in the perithecial cells and its original shape, 
to a least surface configuration. At its base the young ascus 
tends to remain narrowed as though pinched by surrounding 
cells for a considerable period (figures 26, 27, and 29), and in 
some cases this pinched condition is never entirely lost. The 
ascus grows rapidly and symmetrically against the pressure of the 
perithecial wall. Its basal portion is the last to round out and 
lose its blunt-pointed shape. Many asci do not become spheres, 
but remain slightly dorso-ventrally flattened, appearing oval in 
section (figures 33, and 35). 

The cell wall of the ascus is very thin up to the time the 
spherical shape is attained, but after this there is a gradual 
thickening as maturity is approached. In the stage shown in 
figure 30 the cell wall is shown as very much thickened. 


Further growth and ripening of the perithecial envelope 


The inner zone of the perithecial wall develops between the 
ascogone and the second layer and apparently arises largely by 
growth of the cells of the second layer (figure 29). That is, we 
now have a beginning of radial growth inwardly from the enve- 
lope toward the ascogone. In figure 22 the two elongated cells in 
the lower right-hand side of the figure have the appearance of 
having elongated radially and are about to divide. Immediately 
above these two cells are a short and a long cell which apparently 
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are the result of division of a single elongated cell. Possibly 
the two cells below will divide similarly, and in this manner the 
innermost layer of perithecial cells may arise. The third layer, 
as noted, begins to develop at a time when the curved ascogone 
does not completely fill the perithecial wall. Its cells at first 
push into the spaces around the ascogone and show no tendency 
to tangential flattening. Later, when the ascus begins to swell 
rapidly, they are pushed back so as to form a layer of cells of 
fairly equal size and constant shape (figures 31, 33, and 35). On 
the right-hand side in figure 22 there are three cells of the inner 
layer which, because of their narrowness and obvious connection 
with the basal cell, appear to have arisen by upgrowth from it 
and not by ingrowth from the secondary layer. The innermost 
layer of cells arises both by transverse divisions of the ingrowing 
branches from the second layer and in lesser degree by further 
upgrowth from the basal cell. The ingrowing branches would 
typically tend to become cylindrical hyphae, but they take on 
such shapes as their position permits. Ultimately they are ir- 
regularly polygonal in tangential aspect and irregularly quadri- 
lateral in radial section (figure 29). The ascocarp shown in 
figure 31 has almost reached its maximum size, and the cells of 
the outer layer are beginning to approximate their ultimate 
plate-like form. The inner cells are still large and isodiametric, 
and interhyphal spaces are present. The whole perithecium in 
this figure has about the number of cells commonly found when 
the ascocarp is mature, and probably there is no further increase 
in the number of the perithecial cells after this stage. With this 
stage the growth of the perithecium is complete, and its further 
modifications are those of differentiation and specialization. 

After the nuclear fusion the young ascus grows very rapidly, 
the ultimate cell and the stalk cell of the ascogone become part 
of the inner layer of cells of the perithecium. These cells of the 
ascogone remain distinct for a time, as is shown by their dif- 
ferent staining reaction (figures 29, 31, 34 and 35); but when the 
ascus expands their identity is lost and they can no longer be 
distinguished easily from the other cells of the inner layer. 

The cells of both the outer cortical layers of the perithectum 
now begin to show changes in their appearance. The cell walls 
become slightly thickened and the contents vacuolated. I am 
of the opinion that after this stage they no longer divide, the 
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ultimate number of cells between 18 and 22 being reached at this 
time. As the cells grow tangentially they leave no intercellular 
spaces between them. The hyphal cells adhere very closely and 
are in intimate contact throughout. They form a strong limiting 
layer against which the inner cells are flattened by the inflating 
ascus. In figure 35 the ascus has expanded considerably beyond 
the size shown in figures 27 and 29, and the cells of the inner 
layer are becoming flattened radially. Ultimately the ascus 
obviously develops a high turgor pressure which flattens the 
cells of the softer inner layer so that they become quite thin 
(figures 33 and 35). 

These inner radially growing cells of the perithecium retain 
their protoplasmic contents even to a very late stage, when the 


Fig. 5. 22. Base of a mature ascocarp raised from the leaf surface by 
the appendages. 18. Asocogone with palisade of enveloping hyphae growing 
uniformly upward. 23, 24. Apical views of mature ascocarps showing the 
typical patterns of the perithecial cells. 


spores are completely developed. Even in early stages they 
have a different staining reaction from that of the wall cells and 
doubtless they have a different function. They are large and 
rounded in the beginning and decrease in size with the growth of 
the ascus. The natural suggestion is that they are nurse cells 
for the ascus, as was noted by Harper (1895), and always remain 
thin walled. 

The basal cell of the ascogone in these later stages is still 
clearly differentiated from the surrounding cells, and there is 
apparently a definite functional connection between the ascus 
and the stalk cell of the whole ascocarp (figure 31). It is, how- 
ever, possible that after the ascocarp has reached its maximum 
diameter there is no further absorption from the substratum, 
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the ascus growing at the expense of the perithecial cells—prob- 
ably the inner nurse layer. 

During the earlier stages, when they are still large and iso- 
diametric, the cells immediately surrounding the ascus are 
regularly uni-nucleated; but later, when the ascus has taken on 
its illipsoid shape, these cells become bi-nucleated to tetra- 
nucleated. The cells of the two wall layers also contain one or 
two, rarely three nuclei in fully developed ascocarps. 

The appendages begin to appear when the three layers of the 
perithecium are complete. They arise from the outer layer of 
cells in the basal region of the perithecium. They are eight to 
twelve in number and are long (300 to 400 microns), nucleated, 
tortuous, and hyphae-like. Occasionally an appendage is 
branched. They interweave with the vegetative mycelium, and 
it is often difficult to distinguish the appendages from this 
mycelium. When the ascocarp is mature, it is often seen lifted 
up above the leaf surface to a height equal to its own diameter. 
Apparently it is raised above the leaf surface by the appendages 
which are directed downwards at an angle (text figure 5, 22). 
There is no evidence of any special mechanism in the appendages 
which serves to raise the ascocarp from the leaf surface, such as is 
found in Phyllactinia. Apparently it is due to the downward 
growth of the numerous appendages. 


Epiplasmic inclusions 


I first observed highly refractive, conspicuous granules in the 
ascus of Sphaerotheca castagnei in material fixed with Allen’s 
modification of Bouin’s fixative. These granules stain bright 
ultramarine blue with the triple stain. In very late stages they 
stain red. Merkel’s fluid, Herman’s fluid, picroformol, plain 
Bouin and Allen’s Bouin give preparations in which the granules 
appear bright blue when the triple stain is used. With Flem- 
ming’s fixing solution such granules do not generally appear, 
though occasionally hyaline, refractive granules resembling them 
in shape, number, and location may be found. It is probably 
because of the very widespread use of Flemming’s fixative, in 
which the granules are scarcely if at all differentiated, that they 
have hitherto been overlooked in the mildews. 

Unna’s polychrome blue, when used with Allen’s Bouin, 
Merkel’s or plain Bouin fixative, gave varying results. The 
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granules usually stained a deep violet, purple or reddish purple 
color, though sometimes they showed pale blue or greenish blue 
and occasionally would take no stain (figure 34) at all, even 
though other parts of the ascocarp showed well stained granules. 
While the granules frequently exhibited very distinct metachrom- 
asy with Unna blue, I have never obtained with this dye the 
bright red granules described by Guilliermond (1904) for the 
granules in the asci of Aleuria cerea, Helvella sulcata, etc. 

The perithecial cell granules are very small, numerous, and 
purplish in color with the Unna dye, and appear long before any 
granules become visible in the ascus. These are quite different 
in appearance from those which later develop in the ascus, re- 
maining small, very dense and staining dark blue with Unna 
blue even in very late stages, while those in the ascus become 
very large, less numerous, and not so dark in color. 

No such granules appear in any of the cells at very early 
stages of the developing ascocarp. Only after three layers of 
perithecial cells are formed do they begin to appear, the first ones 
becoming visible in the innermost cells (figure 28). The peri- 
thecial cell granules are fairly numerous from the beginning and 
become several times larger and more numerous in later stages 
(figure 33). The epiplasmic granules do not appear until after 
nuclear fusion. Here again they are numerous from the begin- 
ning, becoming more numerous and larger as the ascus increases 
in size. The granules appear to be formed only after a cell has 
reached a certain stage of development. In cells that have just 
divided no granules are present, as for example in certain cells 
surrounding the penultimate cell represented in figure 28. Here 
certain cells of the third layer have no granules, while others 
have extremely minute, barely visible granules. The perithecial 
cell granules in the second and first layers are larger and more nu- 
merous, while the penultimate cell has none. It is difficult to as- 
certain from my preparations how these granules arise in the cells. 

The epiplasmic granules, even in the early stages, are found 
each lying in a clear area in which they are eccentrically placed 
and increase many times in diameter as development proceeds, 
from particles barely visible with highest magnification to those 
as great as seven microns in diameter. When the ascus has 
reached its maximum diameter, the granules are from three to 
six microns in diameter and appear to fuse (figure 33). The 
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fusion appears to be merely a physical result of their coming in 
contact through an increase in their diameter and perhaps 
through cytoplasmic movement. The largest granules appear 
in the ascus during the uni-nucleated stage, when certain of them 
may attain a diameter of ten microns. After the first division 
of the ascus nucleus during the two-nucleated stage, there are 
present numerous small epiplasmic granules varying in dimen- 
sions but below 2.5 microns or very rarely 3 microns in di- 
ameter (figure 30). Such granules vary in their staining reac- 
tions; some become red, some blue with the triple stain, though 
all appear to stain blue when the treatment with safranin is very 
brief. If these granules are similar to those in the immediately 
preceding uni-nucleated stages, it is difficult to understand how 
the abrupt change in their size takes place. Large granules 
occur in all the late uni-nucleated stages but the immediately 
following bi-nucleated stages have the small granules. Through- 
out the four- and eight-nucleated stages as well as in certain 
eight-spored stages the small epiplasmic granules persist. 

In stages in which the outer perithecial cell walls are brown 
and the protoplasts extremely vacuolated, large irregular pale 
blue masses, from eight to fifteen microns in diameter with from 
one to four dense, dark blue, spherical centers and resembling 
several fused, large granules of the kind found in uninucleated 
asci, are present in the epiplasm. They appear to be aggregates 
of large granules and may arise as Bunge (1895) described by the 
fusion of other granules. In addition to these, many small 
granules like those described are also present in the epiplasm as 
well as in the spores (figure 35). 

Similar granules are common in young hyphae. In conidio- 
phores and conidia, as well as in the germ tubes of the latter, 
granules of similar appearance are also frequently present. 

In still later stages large, often irregular granules, six microns 
in diameter, both red and blue in the triple stain, occur in the 
epiplasm. These are probably degeneration products and unlike 
any of the granules described above. 

In the fusion nucleus of the ascus granules similar to those in 
the epiplasm occur (figure 27). I have not found them in any 
other nuclei of the ascocarp, the large nucleus in the ascus being 
the only one in which they are definitely recognizable. 

In the ascus during the uni-nucleated stage, the epiplasmic 
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granules are indiscriminately scattered in the epiplasm. There 
is not the slightest tendency for them to be localized at any time, 
either about the nucleus or in any other region of the ascus. 
They present no evidence of connection with or origin from the 
nucleus or through its agency. There are commonly, as noted, 
both large and small granules within the nucleus, but these are 
not generally in connection with the chromatin. Guilliermond’s 
(1903) suggestion that the granules may be formed as a result 
of secretions from the nucleus or that they are secretion products 
from the chromatin finds no support from my study of Sphaero- 
theca. 

Judging from their spherical form, the granules are liquid or 
semi-liquid substances chemically different from the surrounding 
epiplasm. They arise perhaps as very minute droplets secreted 
by the cytoplasm. 


DISCUSSION 


In the light of the specificity in host relations found in the 
mildews of P. Magnus (1898), Salmon (1904), Steiner (1908), 
Reed (1908), Woronichine (1914), and others and of the mor- 
phological variations which have been reported as occurring in 
single species, as recognized in Salmon’s monograph, I am of the 
opinion that further study may lead to the recognition of many 
of the current biological races of mildews as varieties or even 
species. Woronichine has already reported variations in the 
dimensions of ascocarps, asci, spores and certain sterile hyphae 
of Sphaerotheca pannosa on the rose and of Sphaerotheca pannosa 
on the peach and on the basis of both the physiological and 
morphological differences proposes to recognize them as distinct 
varieties. 

The fact that on a particular host there may be two or more 
asci in a form which usually has but one ascus and that the 
perithecium which usually consists of but three layers occasion- 
ally has four or even five layers as well as other structural vari- 
ations, shows the need of further study of the species question in 
these fungi. 

Harper (1895) describes the ascogone in Sphaerotheca as con- 
sisting regularly of a column of five or six cells, while Dangeard 
(1896) figures only three. In my own preparations I find regu- 
larly three cells in the ascogone and in only one instance a four- 
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celled stage (figure 38) among several hundred three-celled asco- 
gones. That such basic structures can so vary seems hardly 
probable, and the need of study of further forms is obvious. 

Gaumann (1926) has suggested that the lack of agreement in 
the conclusions drawn from observations on the morphology and 
development of the mildews may be due to the fact that the 
studies were made on material from different host species. 

The great similarity between the parenchyma of higher plants 
and the pseudoparenchyma of fungi is striking in view of the dif- 
ference in the method of their formation. Parenchyma is 
formed by the growth and division of the cell in length, breadth 
and thickness. Pseudoparenchyma is formed by the growth, 
branching, interweaving, and adhesion of hyphal filaments. 

The special relations between the cells in a parenchyma are 
determined largely by their method of origin, though the evidence 
seems to favor the view that the contact relations of the proto- 
plasts may be dependent on the secondary development of 
plasmodesmen. The interrelations of the cells in the case of 
pseudoparenchyma are for the most part secondary and are 
achieved by thigmotactic responses and ‘adhesion. Pits and 
presumably plasmodesmen are present and serve possibly as 
conductive channels through which morphotic stimuli are trans- 
mitted from cell to cell. 

The problems involved in the distribution of the mycelium 
on the leaf of the host are doubtless analogous to those presented 
by the distribution of roots in the higher plants. It is hard to 
conceive that negative chemotactic responses involving repul- 
sions are responsible for the generally radial direction of growth 
of the hyphae about a germinating spore. I have noted that the 
initial growth results in a generally radial arrangement of the 
main hyphal branches and that the typical appearance of the 
mycelium on an infected area of leaf is that of a radiating system 
of hyphal filaments. According to N6ll (1900) the radial direc- 
tion of growth of secondary plagiotropic roots after the removal 
of an interposed barrier is due to morphaesthesia. According to 
this conception the main orienting factors in hyphal growth would 
be matters of rectipetiosis. Further observations should be made 
to test this and other hypotheses as to the factors which deter- 
mine the growth directions of the hyphae on the leaf. 

The differences in the staining reaction between the sex 
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cells themselves and between them and the vegetative hyphae 
suggest physiological differences which may be chemical in 
nature. Whether these changes should be classed as rectipetioses 
is to be determined perhaps by Pfeiffer’s (1925) limitations of the 
conception. Pfeiffer holds that the internal morphotic factors 
operate as specific substances which are produced by the tissues 
and are carried from cell to cell or through conducting channels 
to more distant tissues whose growth forms may be thus de- 
termined. The difference in staining reaction in the sex cells, as 
described above, may possibly be an indication of the formation 
of such specific substances. 

It is evident that carpogenesis is initiated by fertilization, and 
it is natural to assume that the latter process involves the forma- 
tion of specific substances which act as stimuli in initiating the 
outgrowth of the hyphae of the primary envelope. Such stimuli 
may be classed as carpogenic factors. The substance may be of 
the nature of hormozones in Gley’s (1911) sense and in a mor- 
phogenetic sense may be called morphones. 

The development of the perithecial wall does not generally 
begin before the fusion of the sexual nuclei, but I have found 
some cases in which the enveloping hyphae bud out before this 
stage. Such precocious development indicates that the stimuli 
to carpogenic development may arise before cell fusion occurs. 
The case represented in figure 13 is unusual. Fertilization does 
not yet seem to have taken place, but the enveloping hyphae are 
sprouting from the basal cells of both antherid and oogone. In 
figure 13 the hyphae are shown as already growing from the basal 
cell, yet fertilization has apparently not yet taken place. The 
antherid is gradually being pried away from the oogone by the 
hyphae which are pushing up between it and the initial envelope. 
That in this case an antherid is being pushed away from the 
oogone is possible. The antheridial filament is always more 
advanced in its development than any other hypha of the asco- 
carp, and typically occupies a position similar to that represented 
in figure 13. The case may be one of delayed or abortive fer- 
tilization in which perithecial development has none the less 
continued. It is to be noted that the oogonial nucleus in this 
case is unusually large and has not divided. Possibly figure 37 
represents a still later stage of a similar case in which the large 
oogonial nucleus has still not divided, while perithecal develop- 
ment has gone on independently. 
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As noted, I have not observed the spiral pattern of the initial 
envelope of the ascogone regarded by De Bary as characteristic, 
and I am of the opinion that it is at least unusual and results only 
when there is a very rapid uniform development of the enveloping 
hyphae (text figure 4, 74). The explanation of such a pattern 
is probably analogous to that generally accepted for the spiral 
twist in the enveloping cells about the egg of Nitella; that is, 
the combined transverse diameters of the enveloping cells are 
less than the circumference of the ascogone and their length 
considerably greater. 

Several of Dangeard’s (1896) figures are unlike any which I 
have observed. His figure 15a (p. 276, 1896) shows an oogone of 
two cells; figure 15d, a four-nucleated ascogone with little peri- 
thecial development; figure 15e is also unlike anything that 
usually occurs in my preparations. I have found occasionally 
some very unusual figures which in my opinion are abnormal, at 
least for the complete life history of Sphaerotheca. Some of 
these figures resemble certain of those of Dangeard, except that 
they are extremely large. Figures 36 and 37 are comparable to 
the four-nucleated stage represented in Dangeard’s figure 14b, 
but in the former perithecial development has been inhibited. 
Figure 32 may represent a case in which the oogone has never 
been fertilized, yet has continued to grow. The filament (a) in 
figure 32 may be a degenerating antheridial filament which for 
some reason never came to maturity, possibly because it devel- 
oped from an incompatible mycelium. The presence of two or 
three nuclei in the terminal cell of such a presumably unfertilized 
oogone is very peculiar and not easily explainable. 

The stalk cell in these preparations (figures 32, 36 and 37) is 
in each case uni-nucleated. These naked oogones (they can 
hardly be called ascogones, since there is no assurance that asci 
ever develop from such structures) may on the other hand be 
looked upon as isolated oogones which have developed without 
the presence of antherids. The oogone in figure 13, where the 
male nucleus has apparently failed to enter the oogone, suggests 
the possibility that oogones and antherids may develop in contact 
and still fail to complete the process of fertilization. 

The demonstration of the presence of a specially stained 
region of the wall of the oogone at the apex of the antherid 
suggests an analogy with the receptive papilla. of Pyronema, 
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Albugo (Stevens, 1899), and certain algae, such as Vaucheria 
(Oltmanns, 1895), Oedogonium (Klebahn, 1892). I do not find 
a hyaline receptive spot in the cytoplasm beneath the stained 
area. It is the wall of the oogone apparently which becomes 
differentially stained as shown in figures 6, 10, 11, and 14. 

In his studies on mildews Bezssonoff (1914) is in disagree- 
ment with earlier workers on several points. According to 
Bezssonoff the antheridial branch of Sphaerotheca mors uvae does 
not cut off a small uni-nucleated antheridial cell as in the species 
of Sphaerotheca described by Harper (1895, 1896, 1905), Dan- 
geard (1896), Blackman and Fraser (1905), and Winge (1911); but 
the antheridial branch becomes bi-nucleated, the apical nucleus 
migrates into the oogone, and the remaining nucleus degenerates 
in situ. In Microsphaera, Bezssonoff claims to have a stage 
showing the passage of the male nucleus into the oogone, though 
his figure 3, plate VII, does not show this very clearly. The 
fusion pore differs from previously described fusion pores in the 
mildews in being at the extreme end of the area of contact 
between the antherid and oogone, their walls at this point appear- 
ing to form an almost straight line. 

The initiation of perithecial development in the mildews by 
the formation of a circle of perithecial hyphae which grow out 
radially from the stalk of the ascogone, and the development 
between these hyphae and the ascogone of further series of 
hyphae, parallels in principle the corresponding stages in the 
development of the apothecial envelopes of Pyronema and other 
Discomycetes. The subsequent transformation of these vege- 
tative hyphae into the variously shaped plate-like cells of the 
perithecium, the differentiation of the outer cortical layer into 
dark colored, thick-walled cells and the inner layer into thin- 
walled cells from which the nurse layer develops, are to be re- 
garded as expressions of the most specialized morphotic responses 
so far described for any ascocarp. In the formation of the layers 
of pseudoparenchyma of the mature perithecium, two types of 
development may be recognized. The initial envelope and the 
inner perithecial layer may be regarded as at first a simple proso- 
plectenchyma which is developed symphyogenously. The 
mature paraplectenchyma (Lindau, 1899; p. 25; Gdumann, 1926) 
or pseudoparenchyma results from the transformations through 
thigmotactic responses of the prosoplectenchyma (Lindau, 
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Gaumann) into the compact mature tissue of the outer wall. 
I have never found any evidence of meristogeneous division at 
any stage in the development of the cleistocarp. The mature 
cells are variously quadrilateral, pentagonal, hexagonal or ir- 
regular in tangential section and very much flattened as a result 
of pressure from the growing ascus. Thigmotactic responses 
with radial pressure from the ascus are the dominant factors in 
determining their form. 

The spherical ascus of Sphaerotheca, as compared with the 
club-shaped forms of the Discomycetes and the intermediate 
forms in Erysiphe and Phyllactinia, illustrate how pressure may 
modify the tendency to a least surface configuration. When in 
Sphaerotheca two asci are developed in a single perithecium they 
modify one another’s form at their surfaces of contact so that 
the adjoining walls become flattened and the asci become ap- 
proximately hemispherical. In cases where three asci are pro- 
duced as reported by Salmon (1900), they probably assume a 
form analogous to that of the carpels of an orange. The more 
numerous the asci become, the greater must be their mutual 
lateral pressures and the more elongated and club-shaped is the 
form (see Harper’s figure 40, plate XII, 1896). 

The name nurse tissue is suggested for the innermost layer 
of the mature cleistocarp of the mildews because of its suspected 
connection with nutrition of the ascus, as indicated by Harper 
(1896 and 1905). Harper (1896) also suggests that this layer 
may be capable of swelling on taking in water, causing the asco- 
carp to burst through high turgor of these cells, in order to 
liberate the ascopores. The fact that this layer is soft and 
moist at the time of spore discharge and that the whole ascus 
sometimes slips out (Salmon, 1907) or is ejected forcibly (Smith, 
1884) also suggests its connection with spore discharge. Pos- 
sibly this layer functions during the growth of the ascus as a 
nurse layer and is later instrumental in bursting the cleistocarp. 

The appendages in Sphaerotheca closely resemble in their 
origin the secondary mycelium probably present in most asco- 
carps and described by Harper in Pyronema (1900). The second- 
ary mycelium in the case of the larger ascocarps doubtless func- 
tions in the nutrition of the later growth stages. For the rela- 
tively small ascocarps of the mildews, nutrition seems ade- 
quately provided through the stalk of the ascogone. De Bary 
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(1863), in his general description, states that secondary mycelium 
in the mildews is developed at an early stage. The morpho- 
logical evidence seems to favor the view that the mildews are 
not primitive, but highly specialized in connection with their 
obligate parasitism. 

With the acquisition of the parasitic habit and the reduction 
in size of the ascocarp, the secondary mycelium became non- 
functional. Obviously the appendages are to be regarded as 
vestigial secondary mycelium. There is no evidence that the 
appendages of Sphaerotheca ever develop haustoria. Their ends 
are in all cases free and undifferentiated. In forms of the 
Erysiphaceae in which the appendage endings are branched or 
otherwise modified they apparently are acquiring new functions. 
The highly specialized structure of the appendages of Phyllac- 
tinia is adapted for lifting the cleistocarp up from the leaf surface. 
This is, then, a case in which vestigial organs have become 
secondarily specialized and have acquired a very specific new 
function. 

I feel deeply indebted to Professor R. A. Harper for his en- 
couragement and valuable assistance in the preparation of this 
paper. 


CoLUMBIA UNIVERSITY, 
New York City. 
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Explanation of plates 


All figures were drawn with the Abbe camera lucida. Figures I to 25, 
and figures 28, 34, 32, 36, and 37 are magnified approximately X 1200; all 
other figures are magnified approximately X 900. 


PLATE 28 


Fig. 1. Male and female branches. 

Fig. 2. Later stage; the gametes are cut off from the basal cells. The 
cytoplasm of the oogonium is more dense than that of either the basal cell or 
the antheridial branch. 

Fig. 3. The antheridial branch appears as if it had through more rapid 
growth pushed the oogonium to one side. 

Fig. 4. The antheridial branch has completely overtopped the oogone. 

Fig. 5. The antheridial cell is cut off from its stalk. 

Fig. 6. The apex of the oogone shows a small densely stained area at the 
point of fusion with the oogone. 

Fig. 7. An enveloping hypha is growing from the oogonial basal cell 
before fertilization has occurred. 

Fig. 8. Antheridial nucleus has entered the oogonium; the pore has not 
yet closed. 

Fig. 9. Stage just before conjugation. The male nucleus has enlarged 
and is about the same diameter as the female nucleus. 

Fig. 10. Fusion has taken place; the conjugation pore has not yet closed 
and the densely stained area at apex of the oogonium persists. 

Fig. 11. Shows the persistent densely stained area and large fusion 
nucleus. 

Fig. 12. The enveloping hyphae in an early stage. 

Fig. 13. Sex cells in an advanced stage in which the male nucleus has 
failed to enter the oogonium. 

Fig. 14. Egg nucleus has divided; the densely stained area at the apex 
of the ascogonium is still present. 

Fig. 15. Binucleated ascogonium with several enveloping hyphae grow- 
ing from both male and female basal cells. 

Fig. 16. Binucleated ascogonium with persistent densely stained area 
at the apex. Initial enveloping hyphae have completely covered the asco- 
gonium and the second layer of hyphae is growing between it and the initial 
envelope. 

Fig. 17. The hyphae of the initial envelope is cut up into several cells. 
The ascogonium has elongated slightly. 

Fig. 18. The second layer is almost complete. Empty antheridial cell 
which has been pried off from the ascogonium by the enveloping hyphae is at 
the apex of the ascocarp. 

Fig. 19. Empty male cell with its stalk embedded in the initial layer of 
the perithecium. 

Fig. 20. An ascogonium with one very small nucleus and two equal sized 
larger nuclei, the latter are typical. 
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Fig. 21. Curved binucleated ascogone. The curve is perpendicular to 
the focal plane. 

Fig. 22. Slightly older. The third layer of perithecial cells is nearly 
complete. 

Fig. 23. Similar to fig. 21, but the ascogone is somewhat stouter. 

Fig. 24. Both ascogonial nuclei have divided. The centripetal radial 
growth of the hyphae of the inner layer is shown. 


PLATE 29 


Fig. 25. Three-celled ascogonium. Stalk cell and basal cell are in the 
next section. The penultimate cell shows the two nuclei about to fuse. 

Fig. 26. Fusion nucleus in the young ascus. The nucleoles have not 
yet fused. 

Fig. 27. Young ascus with several small epiplasmic granules. The 
fusion nucleus shows several small blue granules. 

Fig. 28. Young perithecium showing large granules in the older cells, 
smaller granules in the second layer and very few or none in the youngest the 
innermost cells. No epiplasmic granules are visible in the young ascogenous 
cell. 

Fig. 29. The inner, nurse layer, is complete. The cells are large, in- 
clined to be quadrilateral in section. 

Fig. 30. Eight-spored ascus with numerous very small epiplasmic 
granules. 

Fig. 31. Perithecium reconstructed from two sections. The basal cell 
is connected with the ascus stalk cell which contains four nuclei. The nurse 
layer has become considerably flattened by the growing ascus. 

Fig. 32. Presumably a two-celled ascogone in which fertilization has 
failed to take place; enveloping hyphae have failed to develop. 

Fig. 33. Later stage than fig. 31. Large blue epiplasmic granules in 
the ascus, and small dense granules in the outer cortical layer. 

Fig. 34. Similar to 33, but stained with Unna blue. The epiplasmic 
granules remain unstained while the perithecial cell granules appear deep 
violet in color. 

Fig. 35. Eight-spored ascus with thick, apparently gelatinized, wall. 
Large dark blue masses containing denser spherical bodies. 

Figs. 36 and 37. Stages similar to fig. 32. Fig. 36a shows what might 
be an undeveloped antheridial branch. 

Fig. 38. A four-celled ascogone with fusion nucleus in the young ascus. 
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A contribution to the biophysics of Podophyllum petioles 
WALTER J. HIMMEL 


(WITH FIVE TEXT FIGURES AND PLATES 30, 31) 


The effect upon growth of such external factors as pressure 
and tension has been studied by a number of workers. While it 
is apparent that such agencies as gravity and wind may alter the 
shape of stems and in some cases have altered their internal 
structures, yet there is a question as to whether these agencies 
do alter the rate of growth and the rigidity of axial organs such 
as stems, petioles, roots, and hypocotyls. In this connection 
the mechanical forces involved in the growth and curvature of 
such structures deserve consideration. 

A knowledge of the effect of pressure and tension on growth, 
and the mechanical forces involved in growth, is highly im- 
portant not only in explaining the behavior of plants in their 
tropisms but also because during normal or pathological develop- 
ment the cells of a multicellular plant must affect each other not 
only by chemical secretion but also by the mutual stresses and 
strains within a growing tissue. This study therefore has a 
direct bearing on the problem of cellular interaction during 
ontogeny. 

Hegler (1893) investigated the influence .of, ténsion upon 
growth by means of attaching a thread to the*tiptgof the shoot, 
passing it over a pulley, and fastening it to a wéight at its free 
end. He found that the tensile strength of such stems increased 
with increased tension. In repeating these experiments Ball 
(1904), a student of Pfeffer, found that the breaking strength of 
a plant does not increase in response to a gradually increasing 
pull. 

Pfeffer (1893) later found that the primary root of a bean 
seedling embedded in plaster of Paris develops a pressure of 100 
to 140 grams, often sufficient to burst the cast. Later with a 
spring-dynamometer he determined that the pressure thus de- 
veloped overcame a resistance of 352.7 grams or 19 atmospheres. 
He also found that resistance applied in this way caused pro- 
duction of mechanical tissue. 
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Brush (1908) found that contact has a decided strengthening 
effect upon the tendril of Passiflora caerulea and by the addition 
of tension a still greater strength is obtained. 

In working with the woody stems of Robinia Pseudo-Acacia, 
Rhus glabra, Populus tremuloides, and Ricinus communis, Pen- 
nington (1910) found that there was no increase in mechanical 
strength under the influence of longitudinal compression. In 
young herbaceous stems of Helianthus annuus, Vicia faba and 
Phaseolus vulgaris he found that the development of mechanical 
strength was somewhat retarded by longitudinal compression 
caused by a heavy weight. He states further that neither light 
weights nor heavy weights have any appreciable effect upon the 
growth and strength of herbaceous stems which have already 
formed a cylinder of woody tissue. 

The application of other pressures than that of longitudinal 
compression have been studied in their effect upon growth. 
Andrews (1922) has shown that a water pressure of 600 at- 
mospheres reduced the growth of Zea Mays seedlings on the 
average to only a small fraction of the growth rate of the normal 
plants. 

Pressure seems to affect certain chemical phenomena and 
thereby to have some influence on the energy relations of tissues. 
Meldolesi (1921) found that the action of pepsin and trypsin upon 
blood albumen was influenced by a pressure of over one atmos- 
phere of COg and N2. The reaction was most rapid at a pressure 
of 5 atmospheres, less at 10 atmospheres, but more than at one 
atmosphere. The hydrolysis of arrow-root starch by diastase 
was also influenced by pressure in the same way as was the ac- 
tion of pepsin and trypsin. 

Not many studies have been made upon the amount of work 
done by plants in growth. Cremieu (1923) has recently esti- 
mated the work done in growth by oats. According to his cal- 
culations 125 kgm. of oat seed planted on a hectare of ground 
lift during their development into mature plants 1500 kgm. of 
seed and 300 kgm. of straw to a height of 0.6 m. 


MATERIALS AND METHOD 


The so-called sterile shoots of Podophyllum peltatum used in 
this. investigation have been shown by Holm (1899) to be peltate 
leaves. They are very suitable for investigations on the effects 
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of pressure because of their firmness, the absence of lateral ap- 
pendages, and because the region of elongation, unlike the delicate 
meristems of true stems, extends from near the distal end to 
near the middle of the petiole. In determining this region 
several petioles were marked at 10 mm. intervals and several at 
20 mm. intervals. After several days the intervals were re- 
measured. Only those of the upper half of the petiole were 
found to have elongated. As an illustration of this elongation 
the following figures represent the successive intervals in mm. 
from the distal end of one petiole after several days growth: 20, 
25, 29, 33, 21, 15, 10, 10, 10, 10, 10. A fourth advantage of this 
structure for such studies is that the weight can be placed di- 
rectly on the top, without tying anything to the petiole. 

The growing season of Podophyllum in any given locality 
continues only for a few weeks. It was found possible to secure 
actively growing petioles at other than the natural season both 
by breaking the dormancy early and by delaying development. 
The rhizomes bearing dormant buds were dug up in the summer 
and autumn and transplanted into flower pots. These pots 
were submerged in soil on the north side of a building and after 
exposure to considerable cold weather during the winter were 
brought into the greenhouse during the latter part of January, 
where the buds began to open within two weeks and in about 
another half week reached the stage suitable for use in the ex- 
periments. During February rhizomes were also chopped out 
of the frozen soil in the woods, covered with sand, and trans- 
ferred to a refrigerator where they were kept at a constant 
temperature of about 1° C. until after the normal growing season 
had passed. As needed they were removed from cold storage, 
potted in flower pots, and placed in the greenhouse where they 
developed more rapidly than either the normal or the pre- 
seasonal material. Usually the buds of these plants opened in a 
day or two and were ready for experimentation within a week. 
In this way the length of the season was extended from 8 weeks 
to about 16 weeks. 

In attempting to measure the mechanical forces involved in 
the growth and curvature of stems and stem-like parts of plants, 
and the maximum energy which the plant is capable of so ex- 
pending, three groups of experiments were prosecuted. In the 
first group longitudinal pressure was exerted by placing on the 
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apex of the plant a light weight (about 25 grams) and periodi- 
cally increasing this weight by equal increments as long as the 
plant continued to raise it. The rate of elongation was recorded 
twice daily, and after elongation had ceased, the bending strength 
of the petioles was determined and also the amount of work 
done in raising the weight calculated. In the second group of 
experiments the petioles of plants were flexed back and forth in 
one plane alternately on either side of the vertical. This 
process of repeated bending, which may be given the name of 
flexation, was continued for several days, and as the plant elon- 
gated, the amplitude of flexation was correspondingly increased. 
After elongation had ceased, the bending strength of the petioles 
was determined in the direction of flexation and in the plane at 
right angles to it. In the third group of experiments plants 
were placed horizontal, and the energy which they are capable of 
expending in tropic response to gravity was measured. 


ELONGATION UNDER PRESSURE 
Rate of elongation 


The pots containing the plants were placed in large saucers 
filled with wet sand on a rotating table in the greenhouse. The 
average diameter of each petiole, both at tip and base, was deter- 
mined both before and after the experiments. Glass tubing, the 
diameter of which was slightly larger than that of the petioles, 
was split and used for encasing the latter to prevent bending. 
It was put in place while the plants were still small, about 7 to 
10 cm. high, and was held in a vertical position by means of a 
burette clamp and a ring stand. A glass thistle tube, the lower 
end of which had been closed with sealing wax, was placed up- 
right upon the apex of the petiole and was held in place by al- 
lowing it to slide freely within a slightly larger piece of glass 


tubing held in place by a second burette clamp. The thistle 


tube was counter-balanced by an equal weight attached to a 
fine wire thread running over a pulley wheel. This pulley wheel 
was that of a Sach’s simple auxanometer which was used for 
determining the amount of elongation at intervals during the 
growing period (plate 31, fig. 1). Controls were carefully se- 
lected, one for each plant, and were similarly set up, except that 
no weight was added as described below for the treated plants. 
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Either twenty-five or fifty grams of mercury were poured into 
the thistle tube of each plant treated. The needle of the auxan- 
ometer was then set at zero, and the plants were left to grow 
against this pressure. After 12 hours in some experiments and 
24 hours in others, an equal amount of mercury was added. If 
the plant succeeded in raising this weight after a like interval of 
time, anotherg25 or 50, grams of mercury were added. If, how- 


GROWTH IN INCHES 


50 75 100 125 150 175 200 225 250 275 300 325 350 375 
GRAMS PRESSURE 


Fig. 1. Growth rates of plant No. 599 and its control represented graph- 
ically. Lower curve represents growth rate of exposed plant, upper curve 
rate of control plant. 


ever, the petiole had not raised the weight, the mercury was not 
added ; but the plant was left undisturbed until the auxanometer 
registered an increment of growth at the time of the periodic 
readings. Mercury was thus added until the plant could no 
longer raise the accumulated weight. 

The data in table 1 show that the rate of vertical elongation 
of the petiole decreases with increase of longitudinal pressure, 
but not in exact proportion. From figure 1, which represents 
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graphically the growth rates of plant no. 599 and its control, it 
is seen that, in general, an acceleration of elongation of the 
control is accompanied by an acceleration of elongation of the 
exposed plant as well. Likewise, a retardation of elongation of 
either is accompanied by a retardation of elongation of the 
other, indicating that the plants are responding similarly to 
external conditions. It will be seen also that the first pressure 
of 50 grams made considerable difference in the rates of elonga- 
tion. The curves are farther apart after a pressure of 75 grams 
is applied, and the distance between them remains large until 
the larger pressures of 225 grams to 350 grams are applied, when 
the decrease in rate of elongation of the exposed plant does not 
keep pace with that of the control. After 225 grams of pressure 
were added and until a pressure of 400 grams was reached, the 
rates of elongation are nearly the same, and at 350 grams of 
pressure the two plants are elongating at exactly the same rate 
per hour for a period of 24 hours. This seems to indicate that 
the first effect of pressure is to decrease the rate of elongation 
but that later the plant responds in some way to this stimulus 
causing an increase in the rate and that the total effect of the 
pressure is markedly to increase the strength of the plant and 
the greater the pressure the more the strength is increased. 

The rates of elongation for all of the plants used were averaged 
for each respective pressure. The values of these rates per hour, 
where the 25 gram increments were used, are shown in table 2 
and the corresponding graph in figure 2. As in the curves for 
the individual plants described above, here too we find that the 
effect of the increase of pressure becomes less in retarding the 
rate of elongation. 

From the data in table 2 the amount of work done by the 
plants can be calculated. This can be done by substituting in 
the following formula: W = 2.54 g = (wd), where W = work in 
ergs, 2.54 = gram-centimeter equivalent, g = gravity constant 
or 980.6, © = sum of products of w by d, w = weight added at 
respective intervals, and d = distance respective weights are 
moved. For the whole group of plants where the pressure was 
increased by 25 gram increments, the average total work done 
per plant was found to be 569, 782.76 ergs; and where the pres- 
sure was increased by 50 gram increments, the average total 
work done per plant was 438,367.42 ergs. There was no ap- 
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TABLE 2 


Average growth in inches per hour for respective 25 gram increments of pressure 


PRESSURE EXPOSED CONTROL 
IN GRAMS PLANTS PLANTS 
25 .0218 .0276 
50 0425 
75 -0274 
100 .0209 .0596 
125 
150 .0065 .0319 
175 0037 0257 
200 .0072 -OI9I 
225 .0029 O113 
250 -OO1S .0073 
275 .0025 .0061 
300 .0049 
325 .OO17 .0095 
350 -0037 
375 -0006 .0O41 
400 .0005 .0057 


parent relation between the total work done and the total weight 
lifted. The maximum work done by any one plant was 1,498, 
175 ergs. 

The greatest weight which the plant could lift under the con- 
ditions of the experiments varies from 175 grams to 500 grams, 
the average being 300 grams. The amount of the periodic 
increments does not alter the total load which the plant can 
lift. 


Bending strength 


After the plant was no longer able to raise the accumulated 
weight, its bending strength was determined. For this purpose 
the flectometer (fig. 3) was devised. This instrument consists of 
a dial (A) marked off in degrees, in front of which is mounted a 
pulley (B) with a pointer (C). A silk cord passed over the 
pulley and suspended two counterpoised vials (D and D’). 
Above vial (D) a capillary tube (E), bent in the form of a double 
curve, connected above through a stop-cock with a wider tube 
partly filled with mercury. A second silk cord attached to the 
same vial (D) passed up over the pulley (B) and thence horizon- 
tally for a distance of about one meter to the petiole (F). It is 
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204 


25 50 75 100 125 150 175 200 225 250 275 300 325 350375 400 
GRAMS PRESSURE 


Fig. 2. Composite graph showing average growth per hour of all plants 
for periods of increasing pressures, based on data of table 2. Upper curve 
represents growth of control plants, lower curve the exposed plants. 


attached to the petiole by means of a small wire hook. In order 
that the exposed and control plants might be tested in a com- 
parable manner, the base of the petiole was held firm by a clamp 
attached at the same distance from the apex in the control as in 
the exposed plants, respectively. The pointer was set at zero 
and the stop-cock adjusted so that mercury dropped into the 
vial at the rate of 12 drops per minute. As the weight increased, 
the vial lowered, thus bending the petiole to an extent indicated 
by the pointer. The pointer was allowed to traverse the same 
angle for the exposed plant and its control. The angle chosen 
was a function of the length of the petiole. If the distance of 
the clamp from the apex was 19 cm., the angle traversed by the 
pointer was arbitrarily selected as 190°; if 15 cm., the angle 
selected was 150°; and soon. The weights of mercury required 
to bend the petioles to that angle were ascertained, thus measur- 
ing the bending strength. 
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Pennington (1910) used a scale mounted back of the tip of 
the inverted plant to which was attached a cord which passed 
over a pulley and bore a weight on its free end. He used the 
curvature of the stem as caused by a constant weight for meas- 


Fig. 3. Diagram of flectometer. 


uring the resistance to bending. In our flectometer the weight 
is proportional to the length of the structure tested and is added 
very slowly, requiring all the way from twenty minutes to two 
hours. It furthermore seems that it is a better measure of the 
plant’s bending strength to determine the weight required to 
bend it through a definite angle rather than to determine the 
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degree of bending by a certain weight added quickly. Plants 
vary greatly in their bending strength, and it is therefore unfair 
to apply a heavy weight to a weak plant or a light weight to a 
strong plant, as this may lead to considerable error in deter- 
mining its real bending strength. Another advantage of the 
flectometer is that greater accuracy is attained by magnifying 
the movement with the pointer over the dial. A further feature 
of the flectometer is the comparatively long distance of the petiole 
from the pulley wheel. The very slight lowering of one end of 
the thread due to the bending of the petiole thus results in a 
negligible difference in the direction of the pull. 

In table 3 are given the results of the bending strength deter- 
minations made on some plants exposed to longitudinal pressure 
and on their controls. In nearly every case the bending strength 
of the exposed petiole is greater than that of its control. In all | 
except two cases, in which the bending strength of the control 
was greater than that of the exposed plant, the average diameter 
of the petiole was found to be larger. The average increase in 
strength for the plants investigated in this way was found to 


TABLE 3 
Bending strength of some petioles as determined by flectometer 


EXPOSED PLANT CONTROL PLANT 
PLANT 
NO. 


Average | Weight Flectometer Average | Flectometer 
Length diam. carried readings Length diam. readings 


cm. mm. grams grams cm. mm. grams 

287 13.8 4.48 350 25.5629 17.5 4.84 30.0403 
393 13-5 4-955 350 36.6566 13-5 | 5-10 33-3487 
502 14.0 4.255 250 21.8802 14.6 3.81 16.3187 
564 18.4 4-79 350 31.0081 19.9 3.585 17.3841 
566 22.2 5-535 350 39.8913 23-7 | 5-57 31.0613 
568 19.0 5.18 350 35.2213 17.0 | 4.44 15.7679 
570 16.4 5.18 400 14.2509 25.0 | 4.07 14.6615 
550 | 20.2 | 5.18 300 24-5395 24.5 | 3-45 13.8050 
553 17.5 4.14 225 22.7851 22.0 | 4.025 15.5787 
554 18.5 4-945 250 28.3726 25.0 4.0 14.2610 
555 17.7 4-55 225 19.2204 28.3 | 5-245 29.9279 
677 20.0 4.94 300 23.2325 19.5 | 4.28 21.6967 
679 13-17 | 4-42 275 25-5953 22.5 | 4-29 32.9545 
681 11.0 4.84 275 36.8603 17.0 | 4.18 16.9260 
683 15.0 4-74 300 36.8185 14.0 5.37 37-2496 
715 23-7 4.81 300 13.4910 28.4 | 4.78 10.2437 
720 21.5 5.81 300 23.0787 16.8 5.56 22.3337 
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be 18 per cent. The average bending strength in terms of 
grams for the exposed plants was 26.9685 and for the controls 
it was 21.9740. 

That this increase in bending strength is a permanent con- 
dition was shown by first determining it for a number of plants 
immediately after release from the pressure and again after the 
plants were left in the dark room for four days. The results 
were the same. If the resistance to bending had been the result 
only of turgidity, it seems that a decrease in turgor would follow 
release from the pressure and thus decrease in the bending 
strength. 


Structural effects of longitudinal compression 


The experiments described above show that longitudinal 
pressure during growth retards the rate of elongation and in- 
' creases the bending strength of the petiole of Podophyllum. 
There seems to be, also, a certain structural modification resulting 
from longitudinal pressure. In this petiole there is an outer ring 
of bundles bounding a central pith and lying next to the inner 
margin of the cortex. Other bundles of the nature of leaf traces 
are distributed within the pith. Bordering the phloem of each 
bundle toward the exterior are thick-walled cells. Sections of 
the petiole of a control plant show very little of this mechanical 
tissue, whereas in sections of the petiole which grew against a 
final maximum pressure of 400 grams it is well developed. 
Furthermore, the walls of the parenchyma cells between the 
bundles also become thickened, and the cells are transformed into 
stereome. This difference is very evident in the sections of 
individual bundles highly magnified and shown in figures 1, 2, 
and 3 of plate 30. There also seems to be some difference in the 
organization of the xylem and in the character of the walls of 
the vessels. 


EFFECTS OF FLEXATION 


Some of the work on the effect of pressure and tension upon 
growth has been done by others with the view to explaining the 
eccentric growth of stems of Coniferous trees and the presence 
of ‘“‘redwood.”’ The trunks and branches of many trees have 
more wood on one side, and the annual rings on this thicker side 
are often reddish in color, resembling heartwood, the walls of 
the cells being much thicker and the wood much harder. 
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Burns (1920) exposed seedlings of pine to a bending motion to 
determine whether or not wind action could be the cause for the 
production of this mechanical tissue. He says that no ‘‘red- 
wood’’ was formed nor did any eccentric growth take place as 
result of this bending. Koehler (1919), on the contrary, tied 
saplings in a circle and got red heart-wood on the inside. He 
attributes the formation of this ‘“‘redwood”’ in this location to 
compression and not to a gravitation stimulus. Miss Gilchrist 
(1908), working mainly with sunflowers, reports that plants so 
swayed in one plane ‘‘are shorter and thicker’’ than control 
plants, that the “diameter in the plane of swaying is greater 
than that at right angles,” that the ‘‘xylem in the plane of sway- 
ing is greater than in the transverse plane,”’ that “a greater 
amount of xylem is produced than in stems of controls,’’ that 
“the rigidity is greater in the diameter in the plane of swaying 
than in transverse diameter,’’ and that ‘“‘swaying ‘in the wind’ 
produces greater eccentricity.’’ Hartig (1896), observing the 
effect of wind on trees, believed that longitudinal pressure on 
the cambium caused the production of ‘‘redwood.”’ Later, 
however, (1901) he concluded that gravity may also act as the 
stimulus. Cieslar (1896) attributed the formation of ‘‘ redwood”’ 
to a pressure stimulus as a result of bending young spruce trees. 
Ursprung (1901) maintained that it was a compression-strain 
stimulus resulting from the weight of the structure and the 
action of wind that caused the distribution of radial growth. 
Kny (1882) accounted for this one-sided increase in the growth 
of tree trunks on the basis of one-sided leafing of the tree causing 
one side to be heavier than the other. Growth is thus inversely 
proportional to the external pressure exerted upon the growing 
cells. Wiesner (1892) also attributed eccentric growth to un- 
equal size and distribution of the leaves. DeVries (1876), by 
winding twine around stems, concluded that the presence of 
annual rings results from greater bark pressure at some seasons 
of the year than at other seasons. Krabbe (1884), however, 
proved that the bark pressure is never great enough to retard 
growth. Wortmann (1887) found that the collenchyma of the 
cortex of bandaged plants became greatly thickened. He at- 
tributed this to the fact that these cells could not reach their 
normal surface tension. Detlefsen (1882) also attributed ec- 
centricity to bark pressure. Newcombe (1895) concluded that 
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the formation of mechanical tissue is not always caused by me- 
chanical forces but calls the responses self-regulatory phenomena. 
Keller (1896), in considering the strengthening of the fruit- 
bearing axis, held that it is not due to tension because of the 
weight of the fruit nor because of the fruit-bearing itself, but 
that it is the change in direction of the axis which causes the 
anatomical changes. Pieters (1896), on the other hand, found 
that lignification of cell walls and increase in cells go hand in 
hand with fruit development. Véchting (1902) found no in- 
crease in mechanical tissue in weighted sunflowers, some of which 
had been decapitated. In Savoy cabbages, all of which were 
decapitated, he found only a slight increase in mechanical tissue, 
but this was not proportional to the weights used. By removing 
the flower buds, he greatly retarded the formation of mechanical 
tissue in these plants. Subsequent addition of weights did not 
cause the mechanical elements to reappear. But when he 
grafted another stem onto the decapitated one, the mechanical 
tissue again began to form, although this additional weight was 
much less than the weights which he fastened to the decapitated 
stem. 

In my experiments with Podophyllum petioles a device called 
the flector was constructed for bending the petioles back and 
forth in one plane. This consisted of a bicycle wheel driven by 
a small electric motor. To the wheel was eccentrically attached 
a stiff wire about five feet long, which was made adjustable on 
the wheel so as to increase or decrease at will the amplitude of 
the bending. This wire was held horizontal and at any desired 
elevation above the table by having it pass over adjustable 
wheels. The tips of the petioles were fastened along the side 
of the wire by cord so that they would be pulled first in one 
direction and then in the opposite. To avoid injury to the 
petioles, the cord was looped about a rubber band cut from tubing, 
slit open, and placed about the petiole just beneath the peltate 
blade. 

Thirty-one plants were set up in this manner when they were 
about three or four inches tall, the extent of bending being only 
about two inches. The amplitude of bending was increased 
from two inches to about eight inches during the period of growth 
which lasted for a week to ten days. As soon as the petioles 
reached their maximum elongation, their bending strength in 
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2 two planes was determined by means of the flectometer, one 
2. plane being the same as that of the bending by the flector and 
t- 
e TABLE 4 
it Bending strength of plants which were flexed back and forth, and of controls for 
1e some of them 
d 
7 BENDING STRENGTH IN | BENDING STRENGTH PERCENTAGE BENDING STRENGTH 
in PLANE OF FLEXATION | AT RIGHT ANGLES TO INCREASE OF CONTROL PLANTS 
7 PLANE OF FLEXATION 
grams grams grams 
‘h 13.4177 14.5611 7.8 
24.4600 25.1233 2.6 
e, 18.2003 18.9775 4.0 
ig 16.0513 18.7273 14.0 
al 36.2526 38.0660 4-7 
15.9204 19.8324 19.7 
at 16.6287 16.9017 1.5 
1e 28.4787 32.6488 12.7 
al 13.6571 14.7405 7-3 
as 17.6905 19.5478 9-5 
d 31.3711 37-1264 18.0 
14.8031 14.7245 5 
34-1945 34-7887 1.7 
dd 15.9371 19.9948 20.0 
id 11.9029 15.1808 21.0 
y 9.9481 10.1181 1.6 
d 16.4048 18.8279 12.8 
: 23.9100 28.9750 17.0 
on 14.9889 18.1944 17.0 
of 13-7554 15.4380 10.8 
~d 10.0909 11.7310 14.0 
le 15.6587 18.4587 15.0 
le 8.0054 9.3630 14.5 
20.9037 28.6600 27.0 15.3924 
he 16.8190 24.3812 31.0 21.7313 
ne 9.7771 18.2596 46.0 17.5165 
g; 30.7186 34.7196 12.0 18.3255 
te 14.7183 16.7846 12.0 18.3094 
22.0045 27.6760 20.0 20.1090 
30.8175 38.7051 20.0 21.1216 
7 19.4123 24.4924 20.0 14.6061 
y 
od Average 20.4194 23.3523 14.0 18.3889 
th 


Increase over controls (based only on plants where controls were used): 
es in plane of flexation, 12 per cent; at right angles to plane of flexation, 40 per 
in cent. 
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the other at right angles to it. In table 4 is given the bending 
strength of these plants together with the bending strength of 
some of their controls. The bending strength of these plants, 
when determined for the same direction as the plane of flexation, 
was found to increase 12 per cent over that of the controls; but 
in the direction at right angles to this plane of flexation the in- 
crease was 40 per cent. This shows that, in Podophyllum at 
least, flexing motion results in an increase of bending strength. 
In all cases, except one, the bending strength at right angles to 
the plane of flexation was found to be greater than that in the 
plane of flexation. The maximum difference was 46 per cent 
and the average was 14 per cent. 

The effect of flexation upon the bending strength of the plant 
is here seen to be approximately the same as that of longitudinal 
pressure. Here, however, the increase in the resistance to bend- 
ing may be the result of the production of mechanical tissue or 
of a modification of form of the petiole. The length in mm. of 
the maximum diameters in the two planes was determined for 
ten plants as follows: 


Same plane: 4:90 5.64 5.40 6.60 6.00 4.84 4.92 4.80 5.43 4.53 
Right angles: 4.94 6.48 5.34 660 6.34 4.97 5.35 5.25 5.82 4.84 

This gives an average maximum diameter in the same plane 
as flexation of 5.306 mm. and an average maximum diameter at 
right angles to the former plane of 5.5593 mm., showing a dif- 
ference of .287 mm. This result of flexation in producing a dif- 
ference in the diameter of the petiole may account for the dif- 
ference in bending strength, although this evidence cannot be 
considered as being conclusive. 


MEASUREMENT OF THE ENERGY OF GEOTROPISM 


The force exerted by a petiole of Podophyllum in elongating 
vertically has been measured above. The force required to bend 
the petiole has also been ascertained. It now remains to be de- 
termined whether a stem or petiole in curving is capable of 
exerting more force than that which is just required to bend it. 
This can be done by finding the lifting power of such an organ 
during geotropic curvature. 

Many workers have attributed geotropic curvature to the 
effects of pressure and tension upon growth. Ricome (1920), 
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supports the theory that negative geotropism may be due to the 
weight of the terminal portion of the plant causing a com- 
pression below which stimulates growth and a tension above 
which retards it. This pressure may not be due to the weight 
of the tissues, but it may be an increased osmotic pressure, as 
suggested by DeVries (1880). He concluded that gravity pro- 
duces an increased osmotically active material in the cells of the 
lower side. Cielsielski (1872) observed a difference of the sap 
on the opposite sides; the cells of the convex-becoming side con- 
tained a thin watery protoplasm, and the cells on the side be- 
coming concave had a denser and more opaque plasma. Kohl 
(1894) found in the sporangiophores of Phycomyces that in geo- 
tropic stimulation the plasma of the concave side became much 
thicker and that of the convex side thin and watery. On the 
other hand, Hilburg (1881) found that osmotic pressure of the 
concave side of leaf joints and stem nodes of various plants is 
greater than that of the convex side. Wortmann (1889) did not 
think that osmotic pressure had anything to do with geotropic 
curvature, since he could find no difference on the two sides. 
He thought that the thickened plasma on the concave side 
thickens the cell membranes on that side, making them less 
elastic than those of the convex side. Copeland (1900) found 
no difference in osmotic pressure on the two sides of stems split 
lengthwise and stimulated geotropically four days. Kersten 
(1907), using the plasmolysis method, also was unable to find 
any change in the osmotic pressure on the two sides. Miss 
Schley (1920) found that the osmotic pressure is greater on the 
convex side during the geotropic response, rising during stimu- 
lation and reaching a maximum at or before visible response, and 
decreasing as the response nears completion. 

Czapek (1902) explained the response on the basis of chemical 
changes affected by the geotropic stimulus. Kraus (1879- 
1884) observed a rise in the percentage of reducing sugars and a 
diminution of acidity, especially in the under surface of a shoot 
placed horizontal. Any chemical change leading to a change of 
osmotic pressure would give similar results. A further evidence 
that a chemical change takes place is afforded by the observa- 
tions of Chapman, Cook, and Thompson (1924), who found 
that with a concentration of CO, above 40-45 per cent growth 
ceases and with it all responses to gravity. 
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Haberlandt (1900) and Némec (1902) both attributed geo- 
tropic response to the settling of bodies in the plasma in a manner 
similar to the otoliths of animals. Zaepffel (1921) made a de- 
tailed experimental study of geotropism in the various parts of 
seedlings of certain grasses and concludes that movement of 
the starch grains disturbs the equilibrium between starch grains 
and the products of their hydrolysis, giving a difference of os- 
motic pressure which causes unequal growth of upper and lower 
parts of the cell. Némec (1902), Zollikofer (1918), and others 
found that in certain plants statolith starch disappears when 
placed in the dark and with the disappearance of the statolith 
starch also goes the ability to respond to the stimulus of gravity. 
Small (1920) and Bose (1920, 1921) assumed that the particles 
which settle carry electrical charges thus setting up a difference 
in potential within the cells. This increases the permeability to 
ions and conductivity in the upper side of the petiole more than 
in the under side. It also gives greater relative turgor on the 
under side, greater growth and therefore curvature upwards. 
They have been opposed in their theory by Blackman (1921) 
and Snow (1921) and also by Cholodny (1923). Blackman and 
Snow contend that an electrical potential great enough to pro- 
duce the results which Small and Bose assume could not result 
in this way. Cholodny admits only the assumption of Small 
that electrically laden particles settle to the bottom of the cell. 

For my experiments an instrument was constructed which 
automatically dropped a small weight into a container attached 
to the tip of the petiole, every time it raised the distance of a 
millimeter or less, thus pulling it back to its original position, 
that is, keeping the plant continuously horizontal. A kymo- 
graph records the time when each weight is dropped. This in- 
strument may be called a tropograph. 

The plant (fig. 4) was placed horizontal; the petiole encased 
in split glass tubing which was clamped firmly in position. At- 
tached by a fine wire hook inserted in a loop of braid over the 
end of the petiole, a silk thread suspended a glass vial (B). This 
vial was counterbalanced by another (B’) over pulley D. In 
order to make certain that the braid did not slip away from the 
tip of the petiole, a short piece of thread was passed back of the 
braid just beneath the petiole, out through the deep clefts of the 
leaf and tied at the outside. Thus, when the plant was in 
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B Bt 
F’ 


Fig. 4. Diagram of tropograph. 


position, practically no weight was sustained by the petiole itself 
except the fine silk thread and the braid. The weight of the 
petiole was borne by the glass tube. Above the pointed end of 
arm (E) a copper wire was located connecting with four dry 
batteries in series. From its broader end a second wire con- 
nected with an electro-magnet (S) which operated a shot-drop- 
ping device; this magnet in turn was connected with the bat- 
teries. When the plant was placed in position, the pointed end 
of the arm was only 1 mm. or less from the wire (F). As the 
petiole rises, its movement is magnified five times at the tip of 
the arm. Only a very slight movement of the petiole therefore 
causes the circuit to close at (F) and by a mechanism, described 
below, a steel shot 4.5 mm. in diameter and weighing .3471 
gram dropped through the tube (G) into the vial (B). In most 


— 
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cases the weight of this single shot was sufficient to break the 
circuit. After a short period the petiole rose again and once 
more closed the circuit, causing another shot to drop into the 
vial. By a continuation of this process the petiole was kept 
from bending upwards while for a time it continued to increase 
the load which it was carrying. 

For the dropping device an electro-magnet was mounted so 
that its arm (H’) extended to a catch (X) which prevented a 
disc (O) from rotating. On the lower portion of the axis of this 
turn-table (N) was wound a cord which passed over pulleys and 
suspended a weight (W). Beside the disc (O) two circular brass 
discs (I and J) were mounted closely one above the other, the 
lower one fixed, and the upper one movable on the central 
vertical axis. Over a hole through the upper disc was attached 
a glass tube containing a column of shots the lower one oi which 
rested on the lower disc. At another place in the lower disc 
the same distance from its center was a similar aperture beneath 
which was the tube (G) leading to the vial (B). 

When the electro-magnet was charged, it opened the catch 
(X), which allowed the disc (O) pulled by the weight (W) to 
rotate. An arm on this disc (O) engaged a lever (K) on the 
upper disc (I), causing that disc to rotate a short distance, 
carrying the single shot in the aperture to a position over the 
aperture in the lower disc (J) through which it fell into tube (G) 
and thence to the vial. A spring drew the lever (K) back to its 
former position allowing another shot to fall into the hole of the 
upper disc. The disc (O) was prevented from rotating again 
by the catch (X), which was not released until the electro- 
magnet was again charged. This could not happen for at least 
one minute, due to a second break in the circuit (R). At this 
point was placed a kymograph bearing a row of pegs at the base 
of the drum. As the drum revolved the pegs moved below the 
wire (Q) and raised it sufficiently to make contact again. These 
pegs were so spaced as to make contact at one-minute intervals, 
thus allowing the plant to return to equilibrium after each shot 
was dropped. A heavy wire (M) was so mounted near the elec- 
tro-magnet that a projection (Z) on the underside of the turn- 
table (O) struck the end of the wire, thus breaking the second 
contact. Near the kymograph was placed a pulley (A’) turned 
by means of a belt connected with the shaft of the kymograph. 
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To the axis of the pulley was attached a fine silk thread which 
wrapped around it. This thread suspended a stylus (D’) which 
drew a spiral line on the kymograph, as it steadily raised by the 
thread wrapping around the pulley. When a contact was made, 
the arm (H’) of the electro-magnet was moved and the stylus 
was caused to move vertically, making a jog in the spiral line 
and thus indicating when the shot was dropped. 

At first some difficulty was encountered when some of the 
petioles underwent torsion. When this occurred, the petiole 
would bend toward the right or left, depending on the direction 
of the torsion. This was overcome by mounting two small 
pulleys, one on either side of the tip of the petiole. A silk thread 
was attached to the braid over the petiole and passed over the 
two pulleys and downward past two other pulleys mounted 
close together and then attached to the vial. Thus it made no 
difference if the pull of the petiole were lateral or vertical; the 
circuit would be closed just the same, resulting in the shot being 
dropped into the vial. 

From the kymograph records the number of shots dropped 
per hour was calculated and checked with the number of shots 
in the vial at the end of the experiment. The shots dropped in 
successive hours were for six plants as follows: 


Total 
3: («16 9 9 9 II 14 14 — 9g2 
5 7 6 6 —- —- §3 
2 I 5 3 4 4 4 4 3 37 
6: 23 5 6 4 4 @ 


The reaction time was found to vary from 24 minutes to 88 
minutes, with an average of 57 minutes. It was also found that 
the maximum load which the plant can lift in this manner ranges 
from 11.451 grams to 66.553 grams, with an average of 32.804 
grams. 

It is seen from these data that in nearly every case the number 
of shots dropped during the first hour is relatively large. There 
is a decrease in the number of shots dropped during the next 
hour, this decrease being larger in some cases and smaller in 
others. During the third hour the number of shots dropped 
may increase, or this increase may not take place until the third, 
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fourth, or fifth hour. But in every case there is a second 
maximum following the first maximum of the first hour. In 
several cases there was a third maximum. 

In figure 5 are plotted the smooth curves for the total load 
at the end of each hour for four of the plants. In this figure the 
first part of the curve is convex rising rapidly. This represents 
the large number of shots dropped during the first hour. During 
the second hour the increase in the load slows up a bit. This 


Fig. 5. Smooth curves showing number of shots in vials at successive 
hours for four plants. 


gives a concave curve following the first convex portion. This 
is followed by a convex curve again indicating the second increase 
in load. As the number of shots dropped per hour decreases, 
the curve gradually flattens out until the plant has attained its 
maximum pulling power. This type of curve was produced in 
most of the thirty experiments which were performed with the 
tropograph. 

If the weight and the glass tubing be removed from one of 
these petioles, the petiole immediately bends to the upper side 
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at a visible rate (plate 31, fig. 4). The force bending the petiole 
to one side is often sufficient to bring the distal end in contact 
with the soil (plate 30, fig. 4). In one case the epidermis and 
cortex were ruptured because of the curvature. If it be first 
placed erect, the same curvature will occur, but later the ter- 
minal portion of the petiole bends upward in response to gravity. 

A variation of the turgidity of the cells on the two sides of the 
petiole doubtless plays an important part in this curvature. 
That curvature of the petiole of Podophyllum may result from a 
variation of turgor was shown by removing one leaf from fertile 
shoots. Within less than an hour each shoot had bent over in 
the direction of the exposed cut surface where the leaf had been 
removed. The loss of water from the cut surface had decreased 
the turgidity of the cells on that side sufficiently to bend the 
distal portion of the shoot to nearly a right angle in some cases. 
A further indication that osmotic pressure plays an important 
part in such curvature of stems was obtained by taking a plant 
after it had curved upon release from the tropograph, peeling 
off the epidermis from the convex surface, and inverting the 
petiole in a 10 per cent salt solution. After about an hour the 
petiole had become straight. When rinsed and placed in fresh 
water, it again became curved as before. In both of these cases 
the curvature was brought about by contraction of the one side 
rather than by an elongation of the opposite side. This would 
seem to disprove the contention noted in the literature above that 
geotropic curvature is due to the extension of the lower side, and 
shows that it is due to a contraction of the upper side. 


DISCUSSION 


Pressure is known to exert a pronounced influence upon 
certain phases of growth and upon certain plant reactions, and 
it has been suggested as a possible cause of other cellular pro- 
cesses. Cell elongation has been shown by Newcomb (1894) to 
be altered by pressure. Roots encased in casts of plaster of 
Paris were found to have mature cells much smaller in size than 
normal cells and with thin walls. Likewise, cell differentiation 
is altered by pressure, as Pfeffer found in the Windsor bean, where 
spiral tracheae had developed near the tip of the root, normally 
developing much farther back. Jeffs (1925), in his study of 
root-hair formation, regarded pressure as the important factor, 


442 BULLETIN OF THE TORREY CLUB [VOL. 54 


resulting from cellular interaction, in the production of root- 
hairs. He found that as the sub-epidermal cells of the root 
ceased elongating, thus checking vertical elongation in the 
epidermis, lateral evaginations of the epidermal cells due to 
lateral pressure developed into root-hairs. Farr (1916), in the 
study of cell-division of the pollen-mother-cells of certain dicoty- 
ledons, interpreted quadripartition by furrowing as being in- 
fluenced by the spherical form of the mother-cells and their loose 
arrangement in the pollen chamber, the mother-cells thereby 
being free to undergo such change in volume and form as their 
internal constitution would favor. In most typical plant cells a 
cellulose wall opposes change in form and resists increase in 
volume; hence pressure of the cell content against the wall may 
account for the formation of the cell-plate. 

The present study of the petiole of Podophyllum has deter- 
mined the composite effect of pressure on all of the processes in- 
volved in growth and contributes to our knowledge of the 
physiology of growth by showing the influence of pressure on its 
rate as well as the energy relations involved both in growth and 
in tropic responses. It also suggests a means for the inves- 
tigation of other growth movements which result from stimuli of 
light, wounding, etc. It gives further light on our knowledge 
of cellular interaction in the production of mechanical tissue as 
indicated by increase of strength, and aids in interpreting the 
responses of plants to movements effected by such agencies as 
wind and gravity. 

It usually has been assumed that pressure decreases the rate 
of growth. While this is in a sense true, it does not constitute 
an exact description of the situation. Growth rate might be an 
inverse function of pressure; yet it is not necessarily proportional 
to it. The first effect of pressure in all of these experiments was 
found to be a retardation of growth, and if the weight is not 
further increased the normal growth rate is resumed. This is 
seen from the daily records where the first reading following 
the addition of weight is usually less than subsequent readings 
until addition of more weight. Thus the first effect of retarda- 
tion is followed by a stimulation of growth. This is what 
Hegler (1893) found in the case of tension. At first it might 
seem that the rate of growth is inversely proportional to the 
weight, for the curves representing the growth of the plants and 
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their controls gradually separate. But the fact that this does 
not continue and that the rate of growth of the plant exposed to 
pressure may exceed that of the control shows a later stimulating 
effect of the pressure. 

The maximum energy which the petiole of Podophyllum with 
an average diameter of 4.2 mm. at its tip exerts in growth against 
pressure is that sufficient to sustain a weight of 550 grams. This 
would be equivalent to 38.75 grams per sq. mm. or a maximum 
of 3.75 atmospheres. The greatest pressure developed by these 
petioles is thus less than any of the pressures which Pfeffer found 
to be developed by roots of Vicia faba, which ranged from 5.15 
to 19.35 atmospheres. The need for a pushing force by the root 
greater than that of a stem is obvious from the simple fact that 
the root must be able to force itself into the soil. 

The ability of the petiole to lift a greater load after it had 
raised a certain weight shows that it increases in strength and 
points to the probability that additional mechanical tissue is 
produced. Further evidence of this is to be found in the average 
increase of 18 per cent in the bending strength of the petioles 
grown against pressure. These results are not in harmony with 
those which Pennington (1910) obtained. He found no increase 
in the bending strength of plants which he subjected to longi- 
tudinal pressure, nor could he find any increase of mechanical 
tissues when studied microscopically. This dissimilarity of 
results may be due to the use of different plants with apical 
meristem and to the different methods employed. 

That pressure increases the bending strength was also shown 
in the flexation experiments. In flexation there is produced 
alternate compression and tension of the tissues on the two sides 
of the petiole in the plane of flexation. Here the increase in 
bending strength is about 26 per cent. This is comparable to 
the average increase resulting from longitudinal compression. 
Miss Gilchrist (1908), working in a similar manner with sun- 
flowers, likewise found that flexation increased the strength of 
stems. One important difference is noticed, however. The 
sunflower stems became stronger in the plane of flexation than at 
right angles to it, while in Podophyllum the strength of the petiole 
at right angles to the plane of flexation was found to be the great- 
er. In my experiments the difference in the bending strength 
in the two planes varied all the way from .5 per cent in favor 
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of the plane of flexation to 46 per cent in favor of the plane at 
right angles to that of flexation with an average increase of 14 
per cent. Miss Gilchrist also found that the diameter was 
greater in the plane of flexation than in the plane at right angles 
to it. In my experiments with Podophyllum it seems that the 
diameter of the plane at right angles to that of flexation is larger, 
which might, in part at least, account for the difference in bending 
strength in the two directions. Just how this result is produced 
by the action of bending, it is difficult to say. It may be that 
the alternate compression and tension permits less deposition of 
wall material in certain places. 

The results of flexation are not necessarily the same as those 
which might follow the action of wind. Much of the work by 
others has been more or less confusing for the reason that what 
have been called wind effects have been merely bending effects. 
The two may be very different, for the action of wind involves 
increase in transpiration, which in turn would alter other internal 
processes that are not affected in such experiments as were per- 
formed by Burns (1920), and Gilchrist (1908). Cavara (1912), 
on the other hand, found that the excessive transpiration accom- 
panying wind resulted in the shortening of the stem and tended 
to produce the rosette habit. In my experiments the bending 
did not seem to alter the average length of the petiole; the effect 
was purely mechanical. 

That turgor plays an important part in the raising of the 
weights of the first group of experiments is doubtless true, but 
it is doubtful that it is responsible for the increase in strength as 
determined by the flectometer. If the weight does increase the 
turgidity of the petiole, then conversely, when the weight is 
removed, the turgidity should decrease to the normal. It is 
furthermore not likely that bending back and forth has a pro- 
nounced effect upon the turgidity of the tissues. If there were 
no structural changes produced, there would doubtless not have 
been such consistent differences in the bending strength in the 
two directions at right angles to each other as were obtained in 
these flexation experiments. On the other hand, the bending 
strength should have been approximately the same in the two 
directions if turgidity alone accounts for the increase. The struc- 
tural basis of this increase of strength is further borne out by the 
microscopic sections of bundles. Ursprung and Blum (1924) 
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account for all enlargement as a consequence of wall extension 
and not increased turgor pressure. 

The effect of compression in producing increase in strength in 
the petiole of Podophyllum and the production of mechanical 
tissue supports the contentions of Hartig (1896), Ursprung 
(1901), and Koehler (1919) as to the formation of “ redwood”’ in 
conifers, since they attribute the presence of this tissue to an in- 
creased compression stimulus on the one side of the stem. 

As stated above, Ricome (1920) attributed the geotropic 
curvature of a stem to compression and tension stimuli. The 
pressure on the lower side of the horizontal plant acts as a stimu- 
lus increasing growth and the tension on the top side decreasing 
it. If the stem is to curve upward, according to Ricome, as a 
result of an increase in growth below and a decrease above, then 
the difference not only must represent a force equal to the weight 
of the stem which gives rise to the altered growth rates but also 
must represent an additional force equal to that necessary to 
bend the petiole. This theory does not coincide with Hegler’s 
(1893) observations on the effect of tension on growth, nor with 
mine on the effect of pressure. Tension and pressure both seem 
to retard growth at first. Furthermore, the rupturing of the 
petiole on the side which was beneath when horizontal indicates 
that negative geotropism is the result of a contraction of the 
upper side. This is also borne out by my experiments with the 
fertile shoots from which one leaf had been removed and with 
the petiole which was placed in the salt solution. 

The weight which the petiole of Podophyllum will lift in 
response to the stimulus of gravity was found to vary from 
11.451 to 69.43 grams, with an average of 32.804 grams. To 
arrive at the total energy of the petiole in our tropograph experi- 
ments, we must consider, in addition to the weight which it is 
sustaining while horizontal, the force which would be required to 
bend the petiole at right angles. As the petiole is sustaining a 
maximum weight of 69.43 grams, it has remained straight and 
still contains potential energy equal to that necessary to bend it. 
Therefore the total energy of the petiole is equal to the weight 
sustained plus that required to bend it. From the flectometer 
records it is estimated that an average weight of 30 grams would 
be necessary to bring about the bending. Adding this to 69.43 
grams would give a total of 99.43 grams as the total energy of 
the horizontal petiole. 
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That the force continues to increase for a period of time, as 
long as 30 hours in some cases, is significant. Schley (1920) 
found that the osmotic pressure continued to increase until 
curvature began and then decreased until curvature ceased. It 
is difficult to understand why this should occur. In the light of 
my bending-strength determinations, to the effect that the more 
the petiole is bent the more the force necessary to continue the 
bending, it would seem that in geotropic curvature, if the force 
responsible for it is osmotic pressure, then the latter must con- 
tinue to increase until the petiole is erect and the osmotic pres- 
sures of the two sides again become equalized. The tropograph 
records indicate that whatever the source of the force producing 
geotropic curvature it increases long after the response begins. 
In any theory of geotropism this must be taken into account. 
Not only this but also the manner in which the force increases 
must be explained. The tropograph records have shown this 
increase to be periodic, first a rapid increase followed by a less 
rapid increase, and then a second rapid increase followed by 
another less rapid rise until the maximum force is developed. In 
some cases a third increase was found to occur. 

These findings are not in accord with the observations of 
Zollikofer (1918) that the geotropic sensitivity is lost in the dark. 
If statolith starch disappears in the dark and the responsiveness 
to the geotropic stimulus decreases, then I am at a loss to explain 
the continued rise in the force developed in my experiments, 
for they were performed in total darkness, except for a dim red 
light when the readings were taken. 

If we adopt Némec’s theory of geotropism and assume that 
it is the result of the settling to the bottom of particles within 
the protoplasm, we can conceive of an increase in this force as 
taking place with the unequal settling of these particles. The 
heavier particles will settle first and by their hydrolysis perhaps 
increase the osmotic pressure below and decrease it above giving 
the first rise in our curve. Somewhat smaller particles will 
settle more slowly and while causing the force to continue to 
increase will probably not cause it to increase at the same rate, 
accounting for the first concave portion of our curve. The 
question now arises as to how to account for the second rise and 
in some cases for the third rise. If it is assumed that the par- 
ticles are of two or three general sizes or that there is a synthesis 
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of new particles, the unequal settling of them would give a 
periodic increase of this force. It seems that even in Small and 
Rea’s theory (1920) of a variable permeability resulting from the 
differences in potential which follow a ‘creaming effect’’ that 
we must assume that the particles are of several sizes or newly 
synthesized, thus giving a periodic permeability. 

These experiments were conducted in the Plant Physiological 
Laboratories of the State University of Iowa, and I am greatly 
indebted to Dr. C. H. Farr for his many helpful suggestions in the 
prosecution of the work. 


SUMMARY 


1. The maximum mechanical energy which a plant is capable 
of expending during growth may be measured by determining 
the maximum weight which the plant can lift when erect or 
the force exerted in lifting a weight when horizontal, plus that 
required to overcome its own rigidity in bending. 

2. The maximum weight which a petiole of Podophyllum will 
lift when erect varies from 175 to 500 grams, with an average of 
300 grams. 

3. The maximum weight which a petiole of Podophyllum will 
lift when horizontal varies from 11.451 to 69.43 grams, with an 
average of 32.804 grams. 

4. The force required to bend the petiole of Podophyllum 
varies from 9.777 to 39.891 grams, with an average of 26.16 
grams. For these measurements the number of degrees of the 
angle of bending of each petiole was ten times the length of the 
petiole in centimeters. 

5. Longitudinal pressure on the apex of an erect petiole 
results in an increase in the ability of the petiole to overcome 
such pressure. To lift the maximum weight so applied 10 days 
are required, during which the weight has been increased by 
50 grams daily. 

6. Lateral pressure or weight applied to a horizontal petiole 
of Podophyllum increases the ability of the petiole to curve 
geotropically, overcoming such pressure or weight. To lift the 
maximum weight so applied, from 6 to 29 hours are required 
during which the weight has been increased most at first, 13.537 
grams per hour, with a second maximum, about 4.5 grams per 
hour, after about 4 hours. The rate of addition of weight falls 
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to 2.777 grams per hour after the first maximum and to zero 
after the second. 

7. Pressure on the apex of a petiole of Podophyllum results 
in an average increase of 18 per cent in its rigidity. 

8. Flexation—that is, the alternate bending back and forth 
of a stem-like axis— increases the rigidity of the structure flexed. 
This increase is less in the plane of flexation, being 12 per cent, 
than it is in the plane at right angles, in which the increase is 
40 per cent. 

g. The maximum work which a petiole of Podophyllum can 
do during growth is 1,489,195 ergs in 13 days. 

10. In making these determinations the apparatus used con- 
sisted of: (a) Sach’s auxanometer for measuring growth under 
longitudinal compression experiments. (b) A flector for ac- 
complishing flexation at a constant rate over a period of several 
days. (c) A flectometer for measuring the rigidity of a stem, 
root, peduncle, hypocotyl, or petiole. (d) A tropograph for 
measuring the maximum force which a stem, hypocotyl, root, 
peduncle or petiole is capable of exerting during tropic curvature, 
and the rate of increase of this tropic force if curvature is pre- 
vented. The last three pieces of apparatus named were devised 
especially for this study. 


MACALESTER COLLEGE, 
St. Paut, MINNESOTA. 
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Explanation of plates 
PLATE 30 


Fig. 1. Single bundle of plant grown against pressure. 

Fig. 2. Single bundle of control plant. 

Fig. 3. Another bundle from same plant as in fig. I. 

Fig. 4. Petiole as bent immediately upon release from tropograph and 
removal of glass tubing. 


PLATE 31 


Fig. 1. Plant shown growing against pressure. 

Fig. 2. Same petiole as of plate 30, fig. 4, several days later. 

Fig. 3. Another petiole just taken from tropograph and before removing 
glass tubing. 

Fig. 4. Same as in fig. 3 immediately after release from the glass tubing. 

Fig. 5. Same petiole two days later. 
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Bogayong, J. R. Root disease on lanzones. Philipp. Agr. Rev. 
19: 259-261. O 1926. 


Boyd, O. C. The relative efficiency of some copper dusts and 
sprays in the control of potato diseases and insect pests. 
N. Y. (Cornell) Agr. Exp. Sta. Bull. 451: 1-68. f. 7-8. Jl 
1926. 


Boynton, K. R. Torenia Fournieri. Addisonia 11: 49-50. 


pl. 377. 1926” 5 Ja 1927. 
Native of Cochin-China. 
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Boynton, K.R. Tvricyrtis hirta. Addisonia 11: 53-54. pl. 379. 
“D 1926” 5 Ja 1927. 
Native of Japan. 


Britton, N. L. Ipomoea quinquefolia. Addisonia 11: 63. pl. 
384. “D 1926" 5 Ja 1927. 
Native of tropical America. 

Brotherus, V. F. Musci. Insulae-Paschalis. 1921. (in Skotts- 


berg, C. Natural history of Juan Fernandez and Easter 
Island 2: 241-246. pl. 21-23.) 


Brotherus, V. F. Musci (laubmoose). Denkr. Akad. Wissen- 
schaft. Wien. Math-Naturw. 83: 251-358. 18 O 1923. 


Brotherus, V. F. Musci nonnulli chilenses a C. Skottsberg anno 
1917 lectae. Med. Goteborgs Bot. Trad. 1: 189-195. 3D 
1924. 


Brotherus, V. F. The Musci of the Juan Fernandez Islands. 
1921. (in Skottsberg, C. Natural history of Juan Fer- 
nandez and Easter Island 2: 409-448. pl. 26, 27.) 


Brown, N. A. A stem-end and center rot of tomato caused by 
various unrelated organisms. Jour. Agr. Res. 33: 1009- 
1024. f. 1-5. 1D 1926. 


Bulger, R. O. Black stem rust and the common barberry in 
South Dakota. So. Dakota Ext. Serv. Circ. 240: 1-23. 
f. I-13. Je 1926. 


Bush, B. F. A new Viburnum. Am. Midl. Nat. 9: 192-194. 
Jl 1924. 

V. Ashe. 

Cannon, W. A. Physiological features of roots, with especial 
reference to the relation of roots to aeration of the soil. 
Carnegie Inst. Wash. Publ. 368: i-iii, 1-168. f. Z-27. 
Au 1925. 

With a chapter on the “ Difference between nitrogen and helium as inert 
gases in anaerobic experiments on plants.” 


Cartledge, J. L. ‘“‘Wild-flower preservation’’ for mosses. 
Bryologist 29: 68-69. illust. ‘‘N’’ 28 D 1926. 
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Chamberlain, E. B. William Henry Pearson. Bryologist 27: 
12-14. port. Ja 1924. 
Born 22 Jl 1849. Died 19 Ap 1923. 

Clute, W. N. The meaning of plant names. XXIX. Pole- 
moniaceae and Hydrophyllaceae. XXX. The borageworts. 
Am. Bot. 33: 10-14; 55-60. Ja, Ap 1927. 


Clute, W. N. A new frost flower. Am. Bot. 33: 1-2. illust. 
Ja 1927. 
Verbesina virginica. 

Cockerell, T. D. A. The genetics of the evening primrose and 
mice. Nature 118: 914-915. 25 D 1926. 


Cockerell, T. D.A. Japan in1923. Sci. Mo. 20: 405-415. Ap 
1925. 

Cook, M. T. Epiphytic orchids, a serious pest on citrus trees. 
Jour. Dept. Agr. Porto Rico 107: 7-10. f. 1-8. Ap 1926. 


Cook, M. T. Helminthosporium spot of sugar cane in 
Porto Rico (preliminary paper). A method in micro-tech- 
nique. A bacterial wilt of cosmos (preliminary paper). 
A bacterial wilt of eggplant (preliminary paper). Jour. 
Dept. Agr. Porto Rico 8: 1-16. illust. O 1924. 


Cook, M. T. The status of plant pathology in Porto Rico. 
Jour. Dept. Agr. Porto Rico 7°: 1-14. f. 7-3. Jl 1923. 


Cook, O. F. Methaphanic variations in rose sepals. Jour. 
Hered. 17: 413-426. f. ro-15. “‘N 1926” 15 Ja 1927. 


Cooper, C.S. A short ramble in the Pyrenees. Bryologist 29: 
65-67. “N”’ 28 D 1926. 

Danforth, S. T. An ecological study of Cartagena Lagoon, 
Porto Rico, with special reference to the birds. Jour. Dept. 
Agr. Porto Rico 10: 1-136. f. 1-45. Ja 1926. 

Flora pp. 11-18. 

Darrow, G. M. Long stemmed strawberries. Jour. Hered. 17: 

404. “‘N 1926” 15 Ja 1927. 


Davenport, C. B., and Ritzman, E. G. Some wool characters 
and their inheritance. New Hampshire Agr. Exp. Sta. 
Tech. Bull. 31: 1-58. f. 1-3. Jl 1926. 
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Davis, D. E., and Beach, J. R. A study of the relative value of 
certain root crops and salmon oil as sources of vitamine A 
for poultry. California Agr. Exp. Sta. Bull. 412: I-15. 
N 1926. 


Dietz, S. M. The alternate hosts of crown rust, Puccinia cor- 
onata Corda. Jour. Agr. Res. 33: 953-970. f. 1-4. 15 N 
1926. 


Dinsmore, J. E. A Jerusalem plant wonder. Am. Bot. 33: 
26-27. Ja 1927. 


Cypress tree growing in fork of a China tree. 


Dodge, C. W. Lichens of the Gaspé Peninsula, Quebec. Rho- 
dora 28: 157-161. 20 S; 205-207. ‘“O”’ 6 N; 225-232 
“N” 20 D 1926. 


Doolittle, S. P., and Walker, M. N. Control of cucumber 
mosaic by eradication of wild host plants. U. S. Dept. 
Agr. Bull. 1461: 1-15. pl. 1-3. N 1926. 


Dye, H. W., and Newhall, A.G. The control of bacterial blight 
of celery by spraying and dusting. N. Y. (Cornell) Agr. 
Exp. Sta. Bull. 429: 1-30. f. 1-10. Je 1924. 


East, E. M., and Mangelsdorf, A. J. Studies on self-sterility 
VII. Heredity and selective pollen-tube growth. Genetics 
11: 466-481. f. 1. “S 1926’ 24 Ja 1927. 


Faris, J. A. Some serious sugar-cane diseases not known to 
occur in Cuba. Trop. Pl. Res. Found. Bull. 4: 1-22. f. 
I-10. 6D 1926. 


Farr, C. H. The formation of root hairs in water. Proc. Iowa 
Acad. Sci. 32: 157-165. ‘‘1925’’ 1926. 


Farwell, O. A. Botanical gleanings in Michigan. Am. Midl. 
Nat. 8: 263-280. N 1923. 


Feirer, W. A. Studies on some obligate thermophilic bacteria 
from soil. Soil Sci. 23: 47-56. Ja 1927. 


Several species described as new. 


Fisher, G. C. Alpine wild flowers of Arctic Lapland. Nat. 
Hist. 24: 659-664. illust. 1924. 
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Fred, E. B., Whiting, A. L., and Hastings, E. G. Root nodule 
bacteria of Leguminosae. Wisconsin Agr. Exp. Sta. Res. 
Bull. 72: 1-43. f. 1-6. N 1926. 


Fuller, A. M. The rose family in Wisconsin. Yearbook Public 
Mus. Milwaukee 3: 146-156. f. 82, 83. ‘1923’ 29 Ap 
1925. 

Gates, R. R., and Cook, W. R. I. Virescence in Delphinium. 
New Phytologist 24: 172-179. pl. 4. 12 Au 1925. 


Gilman, J. C. A partial list of the parasitic Ascomycetes of 
lowa. Proc. lowa Acad. Sci. 32: 225-264. ‘‘1925"’ 1926. 

Goldring, W. The Upper Devonian forest of seed ferns in 
eastern New York. N. Y. State Mus. Bull. 251: 50—92. 
pl. I-11. 1924. 

Gordon, A., and Lipman, C. B. Further suggestions for the 


application of the Lipman-Gordon method of tree injection. 
Science II, 64: 602. 17 D 1926. 


Goulden, C. H. A genetic and cytological study of dwarfing in 
wheat and oats. Minnesota Agr. Exp. Sta. Tech. Bull. 33: 
1-37. f. 1-4 + pl. 1-3. Ja 1926. 

Hagelstein, R. Mycetozoa from Porto Rico. Mycologia 19: 
35-37. 1 Ja 1927. 

Hanson, H. C. A study of the vegetation of northeastern 
Arizona. Univ. Nebraska Stud. 24: 85-175. f. 1-16+ 
pl. 1-9. Jl 1924. 

Harland, S. C., and Haigh, J.C. Counted grain pollinations in 
Mirabilis jalapa L. Am. Nat. 61: 95-96. Ja-F 1927. 


Harshberger, J. W. The third international phytogeographic 
excursion. Ecology 5: 287-289. Jl 1924. 


Hay, T. The mulleins. Am. Bot. 33: 19-21. Ja 1927. 


Heath, F.M, High-bush cranberry again. Am. Bot. 33: 14-17. 
Ja 1927. 


Henrard, J. T. Bromus mandonianus Henr. sp. nov. aus Bo- 
livien. Repert. Spec. Nov. Reg. Veg. 23: 177. 10 D 1926. 
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Henrard, J. T. Panicum excavatum spec. nov. aus Paraguay. 
Repert. Spec. Nov. Reg. Veg. 23: 179-180. 10 D 1926. 


Henrard, J. T., and Parodi, L. R. Stipa Bonariensis nov. spec. 
from Argentina. Repert. Spec. Nov. Reg. Veg. 23: 178. 
10 D 1926. 


Henry, A. W. Flax rust and its control. Minnesota Agr. Exp. 
Sta. Tech. Bull. 36: 1-20. pl. 1, 2. Mr 1926. 


Herter, W. Un nuevo helecho del Uruguay. Darwiniana 1: 
159-161. 1924. 


Gymnogramma felipponet. 


Hill, A.W. comp. Index kewensis. Suppl.6. 1-222. Oxonii, 
1926. 


Hoffman, C. A. An abortive anther of Lilium formosum. Proc. 
Indiana Acad. Sci. 32: 167-170. f.I-7. ‘“‘1925"’ 1926. 


Hofmann, J. V. Natural regeneration of Douglas fir in the 
Pacific northwest. U. S. Dept. Agr. Bull. 1200: 1-63. 
f. 1-6 + pl. 1-20. Ap 1924. 


Hollick, A. Records of glaciation in the New York Botanical 
Garden. Jour. N. Y. Bot. Gard. 27: 269-278. f. 1-7. 
D 1926. 


Holm, T. Boehmeria cylindrica (L.) Sw.—a morphological 
study. Am. Jour. Sci. V, 13: 115-122. f. 1-5. F 1927. 


Holman, R. M., and Robbins, W. W. A textbook of general 
botany for colleges and universities. i-vii, 1-590. f. 1-374 
N. Y., Wiley, 1924. 


Hoskins, J. H. Structure of Pennsylvanian plants from Illinois. 
I. Bot. Gaz. 82: 427-437. pl. 23, 24. 30D 1926. 


Howlett, F.S. The nitrogen and carbohydrate composition of 
the developing flowers and young fruits of the apple. N. Y. 
(Cornell) Agr. Exp. Sta. Memoir 99: 1-79. f. I-20. Je 
1926. 


Hultén, E. Hierochloe pauciflora R. Br. Pflanzenareale 1*: 34. 
pl. 20. 1926. 
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Inman, O. L. Plant physiology. Science II, 64: 649. 31 D 
1926. 


Irwin, M. Certain effects of salts on the penetration of brilliant 
cresyl blue into Nitella. Jour. Gen. Physiol. 10: 425-436. 
20 Ja 1927. 


Irwin, M. The penetration of dyes asinfluences by hydrogen-ion 
concentration. Jour. Gen. Physiol. 5: 727-740. f. 1-4. 


20 Jl 1923. 


Jaques, H. E. A tree census of Mt. Pleasant, Iowa. Proc. 
Iowa Acad. Sci. 32: 201-203. ‘“‘1925"’ 1926. 


Jepson, W. L. Manual of the flowering plants of California. 
1-1238. f. 1-1023. Berkeley, Calif., Assoc. Stud. Stores, 
1923-1925. 


Johnson, A. M. The bitternut hickory, Carya cordiformis, in 
northern Minnesota. Am. Jour. Bot. 14: 49-51. f. 1+ pl. 
7-9. 29 Ja 1927. 


Johnson, A. M. Opening of the evening primrose. Am. Bot. 
33: 17-19. Ja 1927. 


Johnson, A. M. The status of Saxifraga Nuttallii. Am. Jour. 
Bot. 14: 38-43. f. 17, 2. 29 Ja 1927. 
Genus Cascadia, described as new. 


Johnson, E. L. Effects of x-rays upon growth, development, 
and oxidizing enzymes of Helianthus annuus. Bot. Gaz. 
82: 373-402. f. 1-11. 30D 1926. 


Jones, E. N. Ceratophyllum demersum in west Okoboji Lake. 
Proc. lowa Acad. Sci. 32: 181-188. f. 7. ‘“‘1925"’ 1926. 


Jones, L. R., Johnson, J., and Dickson, J. G. Wisconsin 
studies upon the relation of soil temperature to plant disease. 
Wisconsin Agr. Exp. Sta. Res. Bull. 71: 1-144. f. I-59. 
N 1926. 


Kearney, T. H., and Harrison, G. J. Length of cotton fiber from 
bolls at different heights on the plant. Jour. Agr. Res. 28: 
563-565. f.z. 10 My 1924. 
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Keitt, G. W., and Jones, L. K. Studies of the epidemiology and 
control of apple scab. Wisconsin Agr. Exp. Sta. Res. Bull. 
73: 1-104. f. 1-8 + pl. 1-6. D 1926. 


Kiesselbach, T. A., and Petersen, N. F. The segregation of 
carbohydrates in crosses between waxy and starchy types 
in Maize. Genetics 11: 407-422. f.1. “S 1926” 24 Ja 
1927. 

Killip, E. P. New plants mainly from western South America. 
Jour. Washington Acad. Sci. 16: 565-573. 18 D 1926. 

In Anthurium, Anthericum, Brodiaea, Zephyranthes, Boerhaavia, Escal- 


lonia, Weinmannia, Geranium, Hypseocharis, Saurauja, and Valeriana. 


Knowlton, C. H. Two additions to the flora of Massachusetts. 
Rhodora 28: 232. ‘‘N’’ 20 D 1926. 


Carex Michauxiana and Amelanchier intermedia. 


Knowlton, F. H. Flora of the Animas formation. U. S. Geol. 
Surv. Prof. Paper 134: 71-117. pl. 5-19. 1924. 

Knowlton, F. H. Fossil plants from the Tertiary lake beds of 
south-central Colorado. U. S. Geol. Surv. Prof. Paper 
131G: 183-197. pl. 41-44. 30 Mr 1923. 

Knowlton, F. H. Revision of the flora of the Green River 


formation with descriptions of new species. U. S. Geol. 
Surv. Prof. Paper 131F: 133-176. pl. 36-40. 30 Mr 1923. 


Kiihn, F. Estudio fisiografico de las Sierras de Tucuman 
1-114. f. 1-25. Buenos Aires, Univ. Nac. Tucuman, 1924. 


Kiikenthal, G. Cyperaceae novae vel criticae imprimis antil- 


lanae. Repert. Spec. Nov. Reg. Veg. 23: 183-222. 10 D 
1926. 


Kunkel, L. O. Studies on aster yellows. Am. Jour. Bot. 13: 
646-705. f. 1-4 + pl. 40-44. ‘“D 1926” 15 Ja 1927. 


Lauritzen, J. I. The relation of black rot to the storage of 
carrots. Jour. Agr. Res. 33: 1025-1041. f.7-4. 1D 41926. 


Lauritzen, J. I. A strain of yellow Jersey sweet potato resistant 
to surface rot (Fusarium oxysporum W. & C.). Jour. Agr. 
Res. 33: 1091-1094. 1 D 1926. 
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Lindstrom, E. W. Genetic correlations between fruit size and 
color in the tomato. Proc. lowa Acad. Sci. 32: 179-180. 
“1925” 1926. 


Link, G. K. K., and Bailey, A. A. Fusaria causing bulb rot of 
onions. Jour. Agr. Res. 33: 929-952. f. 1-8. 15 N 1926. 


Link, G. K. K., Jones, P. M., and Taliaferro, W. H. Possible 
etiological role of Plasmodiophora tabaci in tobacco mosaic. 
Bot. Gaz. 82: 403-414. 30 D 1926. 


Lockhead, A.G. The longevity of legume bacteria on inoculated 
alfalfa seed. Sci. Agr. 7: 179-184. f. 1. Ja 1927. 


Lowe, R. L. A second trip to Mount Katahdin, Maine. Bry- 
ologist 29:70. ‘‘N’’ 28 D 1926. 


Lownes, A. E. JTriphora trianthophora. Addisonia 11: 61-62. 
pl. 383. “‘D 1926” 5 Ja 1927. 
Native of eastern North America. 

MacBride, T. H. Myxomycetal misdemeanors. Mycologia 
19: 32-34. 1 Ja 1927. 

MclIndoo, N. E. Senses of the cotton boll weevil—an attempt 


to explain how plants attract insects by smell. Jour. Agr. 
Res. 33: 1095-1142. f. 1-16. 15 D 1926. 


McNamara, H. C., Hubbard, J. W., and Beckett, R. E. Growth 
and development of cotton plants at Greenville, Texas. 
U.S. Dept. Agr. Circ. 401: 1-18. Ja 1927. 

McRostie, G. P., Hamilton, R. I., and Lundblad, N. An in- 
teresting instance of root penetration. Sci. Agr. 7: 157. 
Ja 1927. 

Magoon, C. A., and Culpepper, C. W. The relation of seasonal 


factors to quality in sweet corn. Jour. Agr. Res. 33: 1043- 
1072. f. 1-12. 1 D 1926. 


Mangelsdorf, P. C., and Jones, D. F. The expression of Men- 
delian factors in the gametophyte of Maize. Genetics 11: 


423-455. f. 1-4. “S 1926’ 24 Ja 1927. 


Mansfield, W. J. Squibbs’ atlas of the official drugs. 1-486. 
illust. N. Y., Squibbs, [c1g19]. 
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Martin, G. W. Notes on Iowa fungi,—1924. Proc. Iowa Acad. 
Sci. 32: 219-223. f. 1,2. ‘1925’ 1926. 


Martin, G. W. Some Amanitas from eastern Iowa. Proc. 
Iowa Acad. Sci. 32: 205-213. pl. 1-3. ‘‘1925’’ 1926. 


Martin, J. H., and Leighty, C. E. Emmer and Spelt. U. S. 
Dept. Agr. Farmers Bull. 1429: 1-13. f. 1-7. Jl 1924. 


Meinzer, O. E. Plants as indicators of ground water. Jour. 
Washington Acad. Sci. 16: 553-564. 18 D 1926. 


Melchers, L. E. Economic plant diseases common in Kansas, 
and their control. Kansas Agr. Exp. Sta. Circ. 129: 1-23. 
O 1926. 


Murrill, W.A. Amanita solitaria. Mycologia 19: 38-39. 1 Ja 
1927. 


Nannfeldt, J. A. Revision des Verwndlschaft-Skreises von 
Centella asiatica (L.) Urb. Svensk. Bot. Tidsk. 18*: 397- 
426. pl. 6,7. 1924. 

Needham, J. G. Curtis Gates Lloyd. Science II, 64: 569- 
570.10 D 1926. 

Born 17 Jl 1859. Died 11 N 1926. 


Newton, M., and Johnson, T. Greenhouse experiments on the 
relative susceptibility of spring wheat varieties to seven 
physiologic forms of wheat stem rust. Sci. Agr. 7: 161-165. 
Ja 1927. 

Newton, M., and Johnson, T. Physiologic forms of wheat stem 
rust in western Canada. Sci. Agr. 7: 158-161. Ja 1927. 


Nolla, J. A. B. The anthracnoses of citrus fruits, mango and 
avocado. Jour. Dept. Agr. Porto Rico 10?: 25-63. pl. 1-6. 
Ap 1926. 


Nylander, A.O. The orchids of northern Maine. Maine Nat. 
1: 22-24. illust. 25 Ap Ig2!. 


Ocfemia, G. O., and Roldan, E. F. Phytophthora blight of 
citrus. Am. Jour. Bot. 14: 1-15. f. 1-4 + pl. 1-2. 29 
Ja 1927. 


464 BULLETIN OF THE TORREY CLUB [VOL. 54 


Ohga, I. A comparison of the life activity of century-old and 
recently harvested Indian lotus fruits. Am. Jour. Bot. 13: 
760-765. ‘“‘D 1926” 15 Ja 1927. 


Ohga,I. A double maximum in the rate of absorption of water 
by Indian lotus seeds. Am. Jour. Bot. 13: 766-772. f. 1. 
“D 1926” 15 Ja 1927. 


Ohga,I. The germination of century-old and recently harvested 
Indian lotus fruits, with special reference to the effect of 
oxygen supply. Am. Jour. Bot. 13: 754-759. ‘“‘D 1926” 
15 Ja 1927. 


Olney, A. J. Temperature and respiration of ripening bananas. 
Bot. Gaz. 82: 415-426. f.7z. 30D 1926. 


Osterhout, W. J. V. Exosmosis in relation to injury and per- 
meability. Jour. Gen. Physiol. 5: 709-725. f. 1-4. 20 Jl 
1923. 


Pammel, L. H. Our native plants. Proc. lowa Acad. Sci. 32: 
115-121. ‘‘1925"’ 1926. 


Pammel, L. H. Some notes on the flora of Forest and Florence 
counties, Wisconsin, and Iron county, Michigan. Proc. 
Iowa Acad. Sci. 32: 99-114. f. 2-5. ‘1925”’ 1926. 


Pammel, L. H., and King, C. M. Germination of some pines, 
and other trees. Proc. lowa Acad. Sci. 32: 123-132. f. 
I-15. 1926. 

Parker, R. L. The collection and utilization of pollen by the 
honeybee. N. Y. (Cornell) Agr. Exp. Sta. Memoir 98: 1-55. 
f. 1-16. Je 1926. 

Peattie, D.C. Preparation of a local flora. Am. Bot. 33: 5-9. 
Ja 1927. 

Popp, H. W. A physiological study of the effect of light of 
various ranges of wave length on the growth of plants. 
Am. Jour. Bot. 13: 706-736. f. 1-8 + pl. 45-46. “D 
1926” 15 Ja 1927. 


Rands, R. D. Snails as predisposing agents of sugar cane ‘‘root 
disease”’ in Louisiana. Jour. Agr. Res. 28: 969-970. 31 
My 1924. 
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Reed, G. M. Further evidence of physiologic races of oat 
smuts. Mycologia 19: 21-28. 1 Ja 1927. 


Reeves, R. G. Chromosome studies of Zea mays L. Proc. 
Iowa Acad. Sci. 32: 171-176. pl. 1926. 


Richmond, T. E. Legume inoculation as influenced by stock 
and scion. Bot. Gaz. 82: 438-442. f. 1, 2. 30 D 1926. 


Ricker, P. L. Preserving the wild flowers. Nat. Mag. 9: 97- 
100. [6 col. pl.| F 1927. 


Riker, A. J. Cytological studies of crowngall tissue. Am. Jour. 
Bot. 14: 25-37. f. 1-5 + pl. 6. 29 Ja 1927. 


Riley, L.A. M. Conrributions to the flora of Sinaloa. V. Kew 
Bull. Misc. Inf. 1924: 206-222. 1924. 


Riley, L. A. M. Further notes on Ouratea. Kew Bull. Misc. 
Inf. 1924: 363-365. 1924. 


Roberts, E. A.,and Shaw, M.F. Theecology ofthe plants native 
to Dutchess County, New York. i-iv. I-21. 1924. 


Roberts, E. N. Wyoming forage plants and their chemical 
composition; studies no. 7. Wyoming Agr. Exp. Sta. Bull. 
146: 35-90. Je 1926. 

Robertson, C. Flowers and insects. XXIV. Ecology 8: 113- 
132. 29 Ja 1927. 

Rogers, C. F., Durrell, L. W., and Daniels, L. B. Three im- 


portant perennial weeds of Colorado. Colorado Agr. Exp. 
Sta. Bull. 313: 1-15. f. 1-6. Au 1926. 

Rose, D. H. Diseases of strawberries on the market. U. S. 
Dept. Agr. Circ. 402: 1-8. f. 7. D 1926. 


Rosen, H. R. Efforts to determine the means by which the 
cotton-wilt fungus, Fusarium vasinfectum, induces wilting. 
Jour. Agr. Res. 33: 1143-1162. f. 1-3. 15 D 1926. 


Safford, W. E. The potato of romance and of reality. Smith- 
sonian Rept. 1925: 509-532. pl. I-12. 1926. 


Sande-Bakhuyzen, H. L. van de. Growth and growth formulas 
in plants. Science II, 64: 653-654. 31 D 1926. 
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Sando, C. E. The isolation and identification of quercetin from 
apple peels. Jour. Agr. Res. 28: 1243-1245. 21 Je 1924. 


Saunders, C. F. Flowers of midday. Am. Bot. 33: 3-5. Ja 
1927. 
Mesembryanthemum edule, M. nodiflorum and M. crystallinum. 
Schaffner, J. H. Principles of plant taxonomy. III. Ohio Jour. 
Sci. 26: 294-311. f. 7, 2. N 1926. 


Schmidt, O. C. Index algarum marinarum. Hedwigia 65: 
11-27. 1924. 

Schultz, E.S. Why potatoes run out. U.S. Dept. Agr. Farm- 
ers Bull. 1436: 1-20. f. 1-14. N 1924. 


Seil, H. A. Composition of Nectandra coto Rusby nov. sp. A 
preliminary report. Jour. Am. Pharm. Assoc. 11: 904-906. 
N 1922. 


Serrano, F. B., and Marquez, S. L. The red-rot disease of 
sugar cane and its control. Philipp. Agr. 19: 263-265. 
O 1926. 


Shreve, F. The vegetation of a coastal mountain range. Eco- 
logy 8: 27-44. f. I-6. 29 Ja 1927. 


Santa Lucia mountains in California. 


Shull, G. H. Crossing over in the third linkage group in Oeno- 
thera. Proc. Natl. Acad. Sci. 13: 21-24. 15 Ja 1927. 


Skottsberg, C. Bemerkungen zu einigen Chloraea und Asarca 
arten. Meddel. Goteborgs Bot. Trad. 1: 211-224. f. 1-6. 
1924. 

Small, J. K. Adenoropium Berlandieri. Addisonia 11: 55-56. 
pl. 380. “‘D 1926” 5 Ja 1927. 

Native of Texas and Mexico. 

Small, J. K. Desmothamnus lucidus. Addisonia 11: 51-52. 

pl. 378. “D 1926” 5 Ja 1927. 


Native of southeastern North America. 


Smith, H. H. European botanical gardens. Yearbook Public 
Mus. Milwaukee 4: 149-186. f. 150-190. ‘‘1924"’ 9 O 
1926. 
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Southwick, E. B. Aubrietia deltoidea. Addisonia 11: 59. Ol. 
382. “D 1926” 5 Ja 1927. 
Native of the Levant. 


Spegazzini, C. Interesante U:ubelacea bonaerense. Comm. 
Mus. Nac. Hist. Nat. Buenos Aires 2: 79-86. 12 Ja 1924. 


Spegazzini, C. Nuevo metado de esterilizacion y nuevos sub- 
stratos de cultivos. Physis 7: 131-133. 14 Jl 1923. 


Standley, P. C. New plants from Central America. VI. Jour. 

Washington Acad. Sci. 17: 7-16. 3 Ja 1927. 

In Parmentiera, Lacistema, Heisteria, Hydrangea, Erythrina, Euphorbia, 
Loasa, Ardisia, Vincetoxicum, Lycianthes, Solanum and Capsicum. 
Standley, P. C. The republic of Salvador. Smithsonian Inst. 

Rept. 1922: 309-328. pl. 1-16. 1924. 


Starkey, R. L., and Henrici, A. T. The occurrence of yeasts in 
soil. Soil Sci. 23: 33-44. pl. 1. Ja 1927. 


Stewart, G. Correlated inheritance in wheat. Jour. Agr. 
Res. 33: 1163-1192. f. 1-4. 15 D 1926. 


Stout, A. B. A new seedless grape. Jour. N. Y. Bot. Gard. 
28: 20-23. f. 1. Ja 1927. 


If worthy of general culture, the variety will be more adequately de- 
scribed, named and distributed. 


Sweet, A. T. Interesting trees of Haiti. Am. For. & For. Life 
33: 31-35. Ja 1927. 

Sydow, H. Fungi in itinere costaricensi collecti. II. III. Ann. 
Mycologici 24: 283-426; 25: 1-160. f. 1-8. 8 D 1926; 
10 Ap 1927. 

Tanaka, T. Taxonomic aspect of tropic citriculture. Philipp. 
Agr. Rev. 19: 179-184. O 1926. 


Taylor, W. R. The marine flora of the Dry Tortugas. Rev. 
Algologique 2: 113-135. Je 1925. 


Teodoro, N. G. Philippine mycological and phytopathological 
literature index, I. Philipp. Agr. Rev. 19: 275-291. O 
1926. 
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Teodoro, N. G., and Bogayong, J. R. Rice diseases and their 
control. Philipp. Agr. Rev. 19: 237-241. pl. 55-63. O 
1926. 


Teodoro, N. G., and Gomez, E. T. Coffee diseases and their 
control. Philipp. Agr. Rev. 19: 249-257. pl. 70, 71.. O 
1926. 


Teodoro, N. G., and Serrano, F.B. Abaca heart-rot and bunchy- 
top diseases and their control. Philipp. Agr. Rev. 19: 243- 


247. pl. 64-69. O 1926. 


Thiessen, R. Origin of the boghead coals. U.S. Geol. Surv. 
Prof. Paper 132': 121-137. pl. 27-40. 14 My 1925. 


Thom, C., and Church, M. B. The Aspergilli. i-ix, 1-272. 
f. 1-3 + pl. 1-4. Baltimore, Williams & Wilkins, 1926. 


Thompson, N. E., and Robbins, W. W. Methods of eradicating 
the common barberry (Berberis vulgaris L.). U.S. Dept. 
Agr. Bull. 1451: 1-46. D 1926. 


Thone, F. Advantages of river canyons for ecological study. 
Trans. Illinois S. Acad. Sci. 15: 202-207. f. 1-3. 1922. 


Tims, E.C. The influence of soil temperature and soil moisture 
on the development of yellows in cabbage seedlings. Jour. 
Agr. Res. 33: 971-992. f.I-1r. 15 N 1926. 


Toro, R.A. Mycological notes. I. Jour. Dept. Agr. Porto Rico 
10?: 11-22. f. 1+ pl. 1. Ap 1926. 


Genus Toroa, 1 species, and several combinations described as new. 


Transeau, E. N. The genus Mougeotia. Ohio Jour. Sci. 26: 
311-338. pl. 1-7. N 1926. 


Trenk, F. B. The occurrence of hickories in Iowa in relation to 
soil types. Proc. lowa Acad. Sci. 32: 143-155. f. 1-7. 
““1925"" 1926. 


Trenk, F. B. Some soil and moisture relationships of sweet 
gum and river birch in southern Maryland. Proc. Iowa 
Acad. Sci. 32: 133-142. f. I-3. ‘‘1925"’ 1926. 


Uphof, J. C. T. The floral behavior of some Eriocaulaceae. 
Am. Jour. Bot. 14: 44-48. 29 Ja 1927. 


192 


Up 


Up 


W 


W: 

Wi 

| 
WwW 

W 
‘ 
W 

Ye 


1927] INDEX TO AMERICAN BOTANICAL LITERATURE 469 


Uphof, J. C. T. Die Tahiti-limonelle, eine zum anbau empfehl- 
enswerte varietat. Tropenpfl. 29: 425-427. illust. N 
1926. 


Uppal, B. N. A provisional list of the species of Septoria in 
Iowa. Proc. lowa Acad. Sci. 32: 189-199. ‘‘I1925’’ 1926. 


Walker, J.C. Botrytis neck rots of onions. Jour. Agr. Res. 33: 
893-928. f. 1-6. 15 N 1926. 


Warner, S. R. Distribution of native plants and weeds on 
certain soil types in eastern Texas. Bot. Gaz. 82: 345-372. 
30 D 1926. 


Wehmeyer, L. E. A biologic and phylogenetic study of the 
stromatic Sphaeriales. Am. Jour. Bot. 13: 575-645. ‘“D 
1926” 15 Ja 1927. 

Weiss, F. Seed germination in the gray birch, Betula populi- 
folia. Am. Jour. Bot. 13: 737-742. ‘‘D 1926” 15 Ja 1927. 


West, Mrs. S. B. Bird-foot violet. Am. Bot. 33: 27-29. Ja 
1927. 

Wilson, E.H. The ten most useful shrubs and vines. House & 
Gard. 51: 102, 103, 142, 146, 148, 150. illust. Ja 1927. 


Wilson, J. K., and Lyon, T. L. The growth of certain micro- 
organisms in plants and in unplanted soil. N. Y. (Cornell) 
Agr. Exp. Sta. Memoir 103: 1-25. O 1926. 


Winkler, A. J. The influence of pruning on the germinability of 
pollen and the set of berries in Vitis vinifera. Hilgardia 2: 
108-124. f. 1-4. N 1926. 


Winkler, H. Musaceae. Pflanzenareale 1°: 19-20. pl. 11, 12. 
1926. 


Woodworth, C. M. Heritable characters of maize. XXVIII. 
Barren-sterile. Jour. Hered. 17: 405-411. f. 4-8 “N 
1926” 15 Ja 1927. 


Youden, W. J., and Denny, F. E. Factors influencing the pH 
equilibrium known as the isoelectric point of plant tissue. 
Am. Jour. Bot. 13: 743-753. f.1-3. “D 1926” 15 Ja 1927. 
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CORRECTIONS 
for Bull. Torrey Bot. Club, vol. 54, no. 3, March, 1927 


For ‘‘Lamprothamnus alopercoides’’ read ‘‘ Lamprothamnus 
alopecuroides”’ on pages 188, 192, 195, 213, 216, 217, 227, and 229. 

For “Henry Allen Gleason” read Henry Allan Gleason” on 
front page of cover. 

On page 233 add ‘“‘Leaves serrate or dentate never creno- 
serrate; summer shoots glabrous or tomentose’’ as the second 
main lead of the key, aligning this on the left with ‘‘ Leaves 
creno-serrate; summer shoots tomentose.” 

On page 247 add foot-note ‘‘*Ashe, Bull. Charleston, S. Car., 
Mus. 32. 1925.” 


Ve 


